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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a semiconductor 
device using SiC in which resistance is decreased in 
ohmic electrode region. 

SOLUTION: The semiconductor device has an SiC 
region 101 and an electrode region formed thereon 
wherein the electrode region includes an SixC1-x layer 
102 (x>0.5) and a first element carbide layer 105 having 
negative value of carbide creation enthalpy. The 
electrode region includes an impurity doped SiC layer. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is Six C 1-x said whose electrode field it is the semiconductor device which has a 
SiC field and the electrode field formed on this SiC field, and is x> 0.5. Semiconductor device 
characterized by being constituted including a layer. 

[Claim 2] It is Six C 1-x said whose electrode field it is the semiconductor device which has a 
SiC field and the electrode field formed on this SiC field, and is x> 0.5. Semiconductor device 
characterized by constituting a layer and the carbide enthalpy of formation including the layer 
which consists of carbide of the 1st element with a negative value. 

[Claim 3] It is the semiconductor device characterized by being the semiconductor device which 
has a SiC field and the electrode field formed on this SiC field, and constituting said electrode 
field including the SiC layer by which the impurity was doped. 

[Claim 4] It is the semiconductor device which has a SiC field and the electrode field formed on 
this SiC field. Said electrode field The layer which consists of carbide of the 1st element in 
which the carbide enthalpy of formation has a negative value, and the silicide enthalpy of 
formation are constituted including the layer which consists of silicide of the 2nd element with a 
negative value. Or the semiconductor device characterized by being constituted including the 
layer in which the field of the silicide of the 2nd element in which the 1st field and silicide 
enthalpy of formation of carbide of an element in which the carbide enthalpy of formation has a 
negative value have a negative value was intermingled. 

[Claim 5] It is the semiconductor device which has an n mold SiC field and the electrode field 
formed on this n mold SiC field. Said electrode field The layer which consists of carbide of the 
1st element in which the carbide enthalpy of formation has a negative value, The silicide enthalpy 
of formation is constituted including the layer which consists of a nitr ide of the layer which 
consists of silicide of the 2nd element with a negative value, and the 2nd element. The 
semiconductor device characterized by being constituted including the layer in which the field of 
the carbide of the 1st element in which the carbide enthalpy of formation has a negative value, 
the field of the silicide of the 2nd element in which the silicide enthalpy of formation has a 
negative value, and the field of the nitride of the 2nd element were intermingled. 
[Claim 6] It is the semiconductor device which has a p mold SiC field and the electrode field 
formed on this p mold SiC field. Said electrode field The layer which consists of carbide of the 
1st element in which the carbide enthalpy of formation has a negative value, The silicide enthalpy 
of formation is constituted including the layer containing the 3rd element of the layer which 
consists of silicide of the 2nd element with a negative value and two groups, or three groups. 
The semiconductor device characterized by being constituted including the layer which contains 
the 3rd element of two groups or three groups in the layer list in which the field of the silicide of 
the 2nd element in which the 1st field and silicide enthalpy of formation of carbide of an element 
in which the carbide enthalpy of formation has a negative value have a negative value was 
intermingled. 

[Claim 7] It is the semiconductor device which has a p mold SiC field and the electrode field 
formed on this p mold SiC field. Said electrode field The layer which consists of carbide of the 
4th element in which the carbide enthalpy of formation and the silicide enthalpy of formation 
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nave a negative vaiue, it is constituted including tne layer containing trie ora element or trie layer 
which consists of silicide of the 4th element and two groups, or three groups. The semiconductor 
device characterized by being constituted including the layer which contains the 3rd element of 
two groups or three groups in the layer list in which the field of the carbide of the 4th element in 
which the carbide enthalpy of formation and the silicide enthalpy of formation have a negative 
value, and the field of the silicide of the 4th element were intermingled. 

[Claim 8] The ingredient which is the semiconductor device which has the polar zone formed on 
a SiC field and this SiC field and the wiring section formed on this polar zone, and is used for 
said wiring section is a semiconductor device characterized by silicon and carbon containing to a 
predetermined metal. 

[Claim 9] The semiconductor device according to claim 8 characterized by silicon and carbon 
containing to said predetermined metal by the concentration more than the solid-solution limit 
community to this metal. 

[Claim 10] It is Si1-x-y Cx Gey whose germanium concentration of said electrode field it is the 
semiconductor device which has a SiC field and the electrode field formed on this SiC field, and 
is three or more [ 1021cm - ]. Semiconductor device characterized by being constituted 
including a layer. 

[Claim 1 1] The polar zone by which the Schottky barrier was carried out to the SiC field of the 
1st conductivity type, and the SiC field of this 1st conductivity type, It is the semiconductor 
device which has the SiC field of the 2nd conductivity type inserted into this polar zone and the 
SiC field of said 1st conductivity type in the field corresponding to the periphery section of this 
polar zone, germanium concentration is three or more [ 1021cm - ] Si1-x-y Cx Gey to said polar 
zone and boundary section of the SiC field of said 2nd conductivity type. Semiconductor device 
characterized by forming the layer. 

[Claim 12] The semiconductor device characterized by having a SiC field containing oxygen or 
three or less [ 1x1 01 8cm - ] hydrogen. 



[Translation done.] 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a semiconductor device, especially the 

semiconductor device which used SiC. 

[0002] 

[Description of the Prior Art] Conventionally, as an ohmic electrode of SiC used for schottky 
diode etc., nickel is used widely. However, it reacts with the silicon in SiC, and silicide is formed, 
surplus carbon segregates it to an electrode surface or the interface of SiC and an electrode, 
and nickel has the problem of causing a raise in resistance and degradation of an ohmic 
electrode. Moreover, if carbon deposits in an ohmic electrode surface, when the wiring section is 
formed on an ohmic electrode surface, degradation of the polar zone or the wiring section and 
high resistance-ization will be caused. 

[0003] Moreover, in the schottky diode using SiC, in order to obtain pressure-proofing with 
reverse voltage, the guard ring of a conductivity type contrary to a SiC substrate is prepared in 
the periphery of a shot key electrode. However, when forming the shot key electrode for 
acquiring the Schottky barrier, and the electrode for guard rings which needs ohmic contact by 
the same electrode material, the Schottky barrier has the problem that sufficient ohmic contact 
is not acquired even if obtained. 

[0004] On the other hand, SiC also has the problem that carrier concentration falls since the 
trap of the carrier is carried out to the deep level which an impurity makes in many cases, and 
the problem of carrier mobility falling and reducing the electrical characteristics of a component 
since there are many crystal defects resulting from a hole etc. 
[0005] 

[Problern(s) to be Solved by the Invention] Thus, in the semiconductor device using SiC, there 
was a problem that the resistance in an ohmic electrode field etc. became high by deposit of 
carbon etc. Moreover, SiC originated in the trap or the crystal defect and also had the problem 
that carrier concentration and carrier mobility tend to fall. 

[0006] This invention is made to the above-mentioned conventional technical problem, and it 
sets it as the 1st purpose to achieve low resistance-ization in an ohmic electrode field etc. in 
the semiconductor device using SiC, and is making to raise the carrier concentration and carrier 
mobility of SiC into the 2nd purpose. 
[0007] 

[Means for Solving the Problem] It is Six C 1-x whose this invention is a semiconductor device 
which has a SiC field and the electrode field formed on this SiC field and said whose electrode 
field is x> 0.5. It is characterized by being constituted including a layer. 

[0008] Six C 1-x which is x> 0.5 Compared with SiC (especially the thing only indicated to be 
SiC in this specification shall usually point out Si0.5 C0.5, unless it refuses), the band gap of a 
layer is narrow. Therefore, Six C 1~x which is x> 0.5 according to this invention By preparing a 
layer, when a metal layer etc. is formed on it, energy barrier height in a metal / semi-conductor 
interface can be made low, and ohmic contact resistance can be reduced. 

[0009] Moreover, it is Six C 1-x whose this invention is a semiconductor device which has a SiC 
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field and the electrode field formed on this SiG field and said whose electrode field is x> 0.5. It is 
characterized by constituting a layer and the carbide enthalpy of formation including the layer 
which consists of carbide of the 1st element with a negative value. 

[0010] Six C 1-x which is x> 0.5 while the carbon and the 1st element of a SiC field react and 
the carbide of the 1st element is formed in this invention, since the carbide enthalpy of 
formation of the 1st element is a negative value A layer is formed. This Six C 1-x By the layer, 
ohmic contact resistance can be reduced like previous invention. Moreover, the carbide enthalpy 
of formation can prevent the problem of a raise in resistance and degradation of an electrode 
which are produced by deposit of carbon according to an operation of the 1st element with a 
negative value. 

[0011] Moreover, this invention is a semiconductor device which has a SiC field and the 
electrode field formed on this SiC field, and it is characterized by constituting said electrode 
field including the SiC layer by which high concentration doping of the impurity was carried out. 
[0012] When a metal layer etc. is formed on it by preparing the SiC layer by which high 
concentration doping was carried out according to this invention, a carrier can carry out 
tunneling of a SiC field / the metal layer interface, and ohmic contact resistance can be 
reduced. In addition, in a SiC layer here, it is Si0.5 CO. 5. Besides a layer, 1~x layer of Six C which 
is x> 0.5 are also contained. 

[0013] This invention is a semiconductor device which has a SiC field and the electrode field 
formed on this SiC field. Moreover, said electrode field The layer which consists of carbide of the 
1st element in which the carbide enthalpy of formation has a negative value, and the silicide 
enthalpy of formation are constituted including the layer which consists of silicide of the 2nd 
element with a negative value. Or it is characterized by being constituted including the layer in 
which the field of the silicide of the 2nd element in which the 1st field and silicide enthalpy of 
formation of carbide of an element in which the carbide enthalpy of formation has a negative 
value have a negative value was intermingled. 

[0014] In this invention, since the silicide enthalpy of formation of the 2nd element is a negative 
value, the silicon and the 2nd element of a SiC field react, the silicide of the 2nd element is 
formed, and the good ohmic contact over a SiC field is acquired with the silicide of this 2nd 
element. Moreover, since the carbide enthalpy of formation of the 1st element is a negative 
value, the carbon and the 1st element of a SiC field react, the carbide of the 1st element is easy 
to be formed, and the problem of a raise in resistance and degradation of an electrode which are 
produced by deposit of the carbon accompanying silicide generation can be prevented. 
[0015] This invention is a semiconductor device which has an n mold SiC field and the electrode 
field formed on this n mold SiC field. Moreover, said electrode field The layer which consists of 
carbide of the 1st element in which the carbide enthalpy of formation has a negative value, The 
silicide enthalpy of formation is constituted including the layer which consists of a nitride of the 
layer which consists of silicide of the 2nd element with a negative value, and the 2nd element. It 
is characterized by being constituted including the layer in which the field of the carbide of the 
1st element in which the carbide enthalpy of formation has a negative value, the field of the 
silicide of the 2nd element in which the silicide enthalpy of formation has a negative value, and 
the field of the nitride of the 2nd element were intermingled. 

[0016] In this invention, good ohmic contact is acquired with the silicide of the 2nd element like 
previous invention. According to and an operation of the nitride of the 2nd element besides the 
effectiveness that a deposit of carbon can be controlled by forming the carbide of the 1st 
element It is prevented that the nitrogen which is n mold dopant of an n mold SiC field is pulled 
out from an n mold SiC field, it can prevent the fall of doping concentration, and the 
effectiveness that ohmic contact resistance can be reduced is acquired. 

[0017] This invention is a semiconductor device which has a p mold SiC field and the electrode 
field formed on this p mold SiC field. Moreover, said electrode field The layer which consists of 
carbide of the 1st element in which the carbide enthalpy of formation has a negative value, The 
silicide enthalpy of formation is constituted including the layer containing the 3rd element of the 
layer which consists of silicide of the 2nd element with a negative value and two groups, or three 
groups. It is characterized by being constituted including the layer which contains the 3rd 
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element or two groups or tnree groups in the layer list in wnicn tne neld ot tne smciae or tne _tnd 
element in which the 1st field and silicide enthalpy of formation of carbide of an element in which 
the carbide enthalpy of formation has a negative value have a negative value was intermingled. 
[0018] Good ohmic contact is acquired with the silicide of the 2nd element like [ this invention ] 
previous invention. And the layer containing the 3rd element besides the effectiveness that a 
deposit of carbon can be controlled by forming the carbide of the 1 st element (usually) from SiC 
(Si0.5 C0.5 or SixC 1-x of x> 0.5) by which the 3rd element was doped as an impurity — 
becoming — since a carrier can carry out tunneling, the effectiveness that ohmic contact 
resistance can be reduced is acquired. 

[0019] This invention is a semiconductor device which has a p mold SiC field and the electrode 
field formed on this p mold SiC field. Moreover, said electrode field The layer which consists of 
carbide of the 4th element in which the carbide enthalpy of formation and the silicide enthalpy of 
formation have a negative value, It is constituted including the layer containing the 3rd element 
of the layer which consists of silicide of the 4th element and two groups, or three groups. It is 
characterized by being constituted including the layer which contains the 3rd element of two 
groups or three groups in the layer list in which the field of the carbide of the 4th element in 
which the carbide enthalpy of formation and the silicide enthalpy of formation have a negative 
value, and the field of the silicide of the 4th element were intermingled. 

[0020] In this invention, each of carbide enthalpies of formation of the 4th element and silicide 
enthalpies of formation is negative, and it is the case where the 1st previous element and 2nd 
previous element in invention turn into the same element. Therefore, the effectiveness that a 
deposit of carbon can be controlled, and the effectiveness that ohmic contact resistance can be 
reduced when a carrier carries out tunneling of the layer containing the 3rd element further are 
acquired by acquiring good ohmic contact with the silicide of the 4th element, and forming the 
carbide of the 4th element like previous invention. 

[0021] Moreover, this invention is a semiconductor device which has the polar zone formed on a 
SiC field and this SiC field, and the wiring section formed on this polar zone, and the ingredient 
used for said wiring section is characterized by silicon and carbon containing to a predetermined 
metal. 

[0022] It is desirable that silicon and carbon contain to said predetermined metal by the 
concentration more than the solid-solution limit community to this metal. 

[0023] According to this invention, since the carbon other than silicon contains to the metal of 
the wiring section, degradation of the polar zone or the wiring section and a raise in resistance 
which are caused by deposit of the carbon from a SiC field can be prevented. 
[0024] Moreover, it is SM-x-y Cx Gey whose this invention is a semiconductor device which has 
a SiC field and the electrode field formed on this SiC field and whose germanium concentration 
of said electrode field is three or more [ 1021cm - ]. It is characterized by being constituted 
including a layer. 

[0025] Si1-x-y Cx Gey Compared with SiC, a band gap is narrow. Therefore, according to this 
invention, it is Si1-x-y Cx Gey. By preparing a layer, when a metal layer etc. is formed on it, 
energy barrier height in a metal / semi-conductor interface can be made low, and ohmic contact 
resistance can be reduced. Si1-x-y Cx Gey The element used as an impurity may be doped by 
the layer. By making germanium and an impurity make it amorphous and introducing them by an 
ion implantation etc., the doping concentration of an impurity can be raised by leaps and bounds, 
and low resistance-ization can be achieved further. In addition, as for the range of Above x, it is 
desirable that it is 0< x<=0.5, and, as for the range of y, it is desirable that it is 0< y<=0.3. 
[0026] Moreover, the polar zone by which the Schottky barrier of this invention was carried out 
to the SiC field of the 1st conductivity type, and the SiC field of this 1st conductivity type, It is 
the semiconductor device which has the SiC field of the 2nd conductivity type inserted into this 
polar zone and the SiC field of said 1st conductivity type in the field corresponding to the 
periphery section of this polar zone, germanium concentration is three or more [ 1021cm - ] 
Si1-x-y Cx Gey to said polar zone and boundary section of the SiC field of said 2nd conductivity 
type. It is characterized by forming the layer. 

[0027] Si1-x-y Cx Gey of germanium concentration predetermined to the boundary section of 
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tne £>iu neia ot tne zna conaucuvrty type wnicn serves as poiar zone ana a guara ring in mis 
invention since the layer (it is desirable that it is 0< x<=0.5 and 0< y<=0.3) is formed — between 
the polar zone and guard rings — enough — low — ohmic contact [ **** ] can be acquired. 
[0028] Moreover, the semiconductor device concerning this invention is characterized by having 
a SiC field containing oxygen or three or less [ 1x1 01 8cm - ] hydrogen. In addition, it is desirable 
also about an oxygen density that it is three or less [ 1x1 01 8cm - ]. 

[0029] Since a crystal defect can be made to ease by being able to compensate the deep level 
which a non-dopant impurity makes from this invention by making SiC contain hydrogen, and 
making SiC contain oxygen, carrier concentration and carrier mobility can be raised. 
[0030] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained with 
reference to a drawing. 

[0031] (The 1st operation gestalt) Drawing 1 is the sectional view having shown an example of 
the electrode structure concerning the 1st operation gestalt of this invention. As shown in 
drawin g 1 , it is Six C 1-x on the SiC substrate 101. The layer 102 and the metal layer 103 are 
formed in the shape of a layer. 

[0032] Six C 1-x The layer is X> 0.5 and the band cap is narrow from SiC. Moreover, SiC/Six C 
1-x The rate of Si is increasing from the interface continuously toward the direction of a metal 
layer, and the band gap is narrow continuously toward the direction of a metal layer. Therefore, 
the energy barrier of a semi-conductor/metal interface is low, and ohmic contact resistance can 
be reduced. Moreover, it is Six C 1-x on the SiC substrate 101. It also becomes possible by 
forming a layer 102 to raise the adhesion by the side of the upper layer. 

[0033] Dra w ing 2 is the sectional view having shown other examples of the electrode structure 
concerning this operation gestalt. The fundamental configuration of electrode structure is the 
same as that of the example shown in drawing 1 . Differing from the example of drawing 1 is Six 
C 1-x. A layer 102 is the point of being buried in the SiC substrate 101. Depending on the 
production approach of an electrode, it is Six C 1-x like this example. Although the location of a 
layer 102 may change, the same effectiveness as the example of drawing 1 can be done so. 
[0034] (The 2nd operation gestalt) Drawing 3 is the sectional view having shown an example of 
the electrode structure concerning the 2nd operation gestalt of this invention. As shown in 
drawing 3 , the Pori SiC layer 120 and the metal layer 103 are formed in the shape of a layer on 
the SiC substrate 101. 

[0035] The impurity is doped so that the Pori SiC layer 120 may serve as the same conductivity 
type as the SiC substrate 101, and the doping concentration of the Pori SiC layer 120 has 
become three or more [ 1018cm - ]. Since a carrier carries out tunneling of the SiC substrate 
101 / metal layer 103 interface by pinching the Pori SiC layer 120 doped by high concentration 
between the SiC substrate 101 and the metal layer 103, ohmic contact resistance can be 
reduced. Moreover, it also becomes possible by forming the Pori SiC layer 120 on the SiC 
substrate 101 to raise the adhesion by the side of the upper layer. 

[0036] (The 3rd operation gestalt) Drawing 4 is the sectional view having shown an example of 
the electrode structure concerning the 3rd operation gestalt of this invention. As shown in 
drawing 4 , it is Six C 1-x on the SiC substrate 101. The layer 102, the 1st yuan raw charcoal 
ghost layer 105, and the 1st element layer (metal layer) 104 are formed in the shape of a layer. 
[0037] Specifically, the carbide enthalpy of formation is chosen as the 1st element using an 
element with a negative value from Ta, Zr, Nb, Ti, Th, Be f V, Cr, aluminum, B, Ce, W, Mn, calcium, 
etc. 

[0038] It is Six C 1-x like the 1st operation gestalt. The layer is X> 0.5 and is SiC/Six C 1-x. 
Since the rate of Si is increasing from the interface toward an upper layer side, it can reduce 
carrying out ohmic contact resistance. Moreover, since 102 is formed 1-x layer of Six C on the 
SiC substrate 101, adhesion can be raised. 

[0039] Drawing 5 is the process sectional view having shown an example of the manufacture 
approach for producing the electrode structure of having a configuration as shown in drawing 4 . 
[0040] As shown in drawing 5 (a), after forming the 1st element layer 104 in the shape of a layer 
on the SiC substrate 101, structure as performed heat treatment and shown in drawing 5 (b) is 
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negative value, it reacts with the carbon in the SiC substrate 101, and the 1st yuan raw charcoal 
ghost layer 105 is formed, since carbon falls out from SiC substrate 101 front face in that case - 
- Si — Six C 1-x which is a rich field A layer 102 is formed. Thus, since the carbon in the SiC 
substrate 101 reacts with the 1st element in this example, the problem that carbon deposits 
does not arise. 

[0041] Drawing 6 is the process sectional view having shown other examples of the manufacture 
approach for producing the electrode structure of having a configuration as shown in drawing 4 . 
[0042] Heat treatment is performed after forming the Pori Si layer 106 and the 1st element layer 
104 in the shape of a layer on the SiC substrate 101, as shown in drawing 6 (a). Since the 1st 
element is an element in which the carbide enthalpy of formation has a negative value, as it 
reacts with the carbon in the SiC substrate 101 and is shown in drawing 6 (b), the 1st yuan raw 
charcoal ghost layer 105 is formed, in order that [ moreover, ], as for the carbon in the SiC 
substrate 101, the Pori Si layer 106 may react and carbon may fall out from SiC substrate 101 
front face further — Si — rich Six C 1-x A layer 102 is formed. In addition, if the impurity is 
doped by high concentration so that it may become the SiC substrate 101 and the same 
conductivity type at the Pori Si layer 106, it is possible to reduce ohmic contact resistance 
further. 

[0043] Drawing 7 is the process sectional view having shown other examples of the manufacture 
approach for producing the electrode structure of having a configuration as shown in drawing 4 . 
[0044] As shown in drawing 7 (a), after forming the Pori Si layer 106 in the shape of a layer on 
the SiC substrate 101, the ion implantation of the dopant is carried out on the Pori Si layer 106. 
The dopant element by which the SiC substrate 101 and the Pori Si layer 106 are the same 
conductivity types, and an ion implantation is carried out If the SiC substrate 101 is n mold, they 
are 5 group element and one or more elements specifically chosen from N, P, As, Sb, and Bi. If 
the SiC substrate 101 is p mold, they are 3 group element or 2 group element, and one or more 
elements specifically chosen from B, aluminum, Ga, In, Tl, Zn, Cd, Hg, Sc, Y, Be, Mg, calcium, Sr, 
Ba, and Ra. By the ion implantation, as shown in drawing 7 (b), the Pori Si layer 106 turns into 
the doped poly Si layer 107, the ion implantation also of the SiC substrate 101 under the doped 
poly Si layer 107 is carried out, and it serves as the amorphous field 108. 

[0045] Next, as shown in drawing 7 (c), it heat-treats by forming the 1st element layer 104 on 
the doped poly Si layer 107. Since the carbide enthalpy of formation is an element with a 
negative value, as it is shown in drawing 7 (d), the 1st yuan raw charcoal ghost layer 105 is 
formed, the doped poly Si layer 107 also reacts with carbon, and the 1st element is Six C 1-x. A 
layer 102 is formed. Since there is a special feature of SiC of being easy to become 3 C~SiC 
crystal structure when SiC made amorphous recrystallizes by heat treatment although it 
recrystallizes by heat treatment, an amorphous field is Six C 1-x. The ratio of the crystal 
structure of a layer 102 of 3C increases. Since the band gap is narrow compared with 4 H-SiC 
or 6 H-SiC, 3 C~SiC can aim at reduction of ohmic contact resistance more. 
[0046] (The 4th operation gestalt) The 8th is the process sectional view having shown an 
example and its manufacture approach of the electrode structure concerning the 4th operation 
gestalt of this invention. 

[0047] As shown in drawing 8 (a), after forming the Pori SiC layer 109 in the shape of a layer on 
the SiC substrate 101, the ion implantation of the dopant is carried out on the Pori SiC layer 
109. The SiC substrate 101 and the Pori SiC layer 109 are the same conductivity types. About 
the dopant element which carries out an ion implantation, it is the same as that of what was 
explained in drawin g 7 . By the ion implantation, as shown in drawin g 8 (b), the Pori SiC layer, 109 
turns into the doped poly SiC layer 110, the ion implantation also of the SiC substrate 101 under 
the doped poly SiC layer 1 10 is carried out, and it serves as the amorphous field 111. 
[0048] Next, heat treatment is performed after carrying out the laminating of the metal layer 1 12 
on the doped poly SiC layer 110, as shown in drawing 8 (c). It may heat-treat, before carrying 
out the laminating of the metal layer 1 12, and the laminating of the metal layer 1 12 may be 
carried out after that. By this, as shown in drawing 8 (d), the carbide layer 1 13 is formed and the 
doped poly SiC layer 1 10 is recrystallized, and it is Six C 1-x. A layer 102 is formed. Since there 
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amorphous recrystallizes by heat treatment, it is Six C 1-x. The ratio of the crystal structure of 
a layer 102 of 3C increases. Therefore, since it is the same with having explained in drawing 7 , 
ohmic contact resistance can be reduced. 

[0049] (The 5th operation gestalt) Drawing 9 is the sectional view having shown an example of 
the electrode structure concerning the 5th operation gestalt of this invention. As shown in 
dra wing 9 , the 2nd element silicide layer 124, the 2nd element layer 123, the 1st yuan raw 
charcoal ghost layer 122, and the 1st element layer 121 are formed in the shape of a layer on 
the SiC substrate 101. 

[0050] The carbide enthalpy of formation is an element with a negative value, and, specifically, 
the 1st element is chosen from Ta, Zr, Nb, Ti, Th, Be, V, Cr, aluminum, B f Ce, W, Mn f calcium, 
etc. The silicide enthalpy of formation is an element with a negative value, and, specifically, the 
2nd element is chosen from calcium, Ti, nickel, Th, Ta, Co, Mo, Cr, Mn, Nb, Fe, Re, etc. 
[0051] Drawin g 10 is the process sectional view having shown an example of the manufacture 
approach of electrode structure which has a configuration as shown in drawing 9 . As shown in 
drawing 10 (a), as shown in drawing 10 (b), the 2nd element silicide layer 124 and the 1st yuan 
raw charcoal ghost layer 122 are formed by heat-treating by forming the 2nd element layer 123 
and the 1st element layer 121 in the shape of a layer. 

[0052] Although it is known that ohmic contact will be acquired by forming silicide on SiC 
conventionally, since there is no segregation of the surplus carbon by silicide generation by 
forming a carbide layer, much more low resistance-ization of an ohmic electrode can be 
achieved. 

[0053] (The 6th operation gestalt) Drawing 1 1 is the sectional view having shown an example of 
the electrode structure concerning the 6th operation gestalt of this invention. As shown in 
drawing 1 1 , the mixture layer 125 in which the field which consists of the field which consists of 
the 1st element, the field which consists of the 2nd element, a field which consists of a 1st yuan 
raw charcoal ghost, and the 2nd element silicide was intermingled is formed on the SiC substrate 
101. 

[0054] The 1st element is an element in which the carbide enthalpy of formation has a negative 
value, and the same element as the 5th operation gestalt is used. The 2nd element is an element 
in which the silicide enthalpy of formation has a negative value, and the same element as the 5th 
operation gestalt is used. 

[0055] Drawing 12 is the process sectional view having shown an example of the manufacture 
approach of electrode structure which has a configuration as shown in drawing 1 1 . As shown in 
drawing 12 (a), as shown in drawing 12 (b), the mixture layer 125 is formed by heat-treating by 
forming the mixture layer 126 in which the 1st element and the 2nd element were intermingled 
on the SiC substrate 101. 

[0056] In this example, since the ohmic contact to SiC is acquired with the silicide in the mixture 
layer 125 and also there is no segregation of the surplus carbon by silicide generation by forming 
carbide into the mixture layer 125, much more low resistance-ization of an ohmic electrode can 
be achieved. Moreover, with this operation gestalt, as compared with the 5th operation gestalt, 
since it ends with deposition of only one layer, the manufacture approach becomes simple. 
[0057] Drawing 13 is the sectional view having shown other examples of the electrode structure 
concerning this operation gestalt. That is, the cap layer 127 is formed on the mixture layer 125. 
As for Pt, Au, Pd, nickel, etc., it is [ the ingredient of the cap layer 127 ] desirable to be chosen 
from oxygen and the metallic element which cannot react easily. By forming the cap layer 127, it 
can prevent that an electrode reacts with the oxygen in air and deteriorates. 
[0058] (The 7th operation gestalt) Drawing 14 is the sectional view having shown an example of 
the electrode structure concerning the 7th operation gestalt of this invention. As shown in 
drawing 14 , the 2nd element silicide layer 134, the 2nd element nitride layer 133, the 1st yuan 
raw charcoal ghost layer 132, and the 1st element layer 131 are formed on the n mold SiC 
substrate 130. 

[0059] The 1st element is an element in which the carbide enthalpy of formation has a negative 
value, and the same element as the 5th operation gestalt is used. The 2nd element is an element 
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operation gestalt is used. 

[0060] Drawing 15 is the process sectional view having shown an example of the manufacture 
approach of electrode structure which has a configuration as shown in drawing 14 . As shown in 
drawing 15 (a), as shown in drawing 15 (b), the 2nd element silicide layer 134 and the 1st yuan 
raw charcoal ghost layer 132 are formed by heat-treating by forming the 2nd element nitride 
layer 133 and the 1st element layer 131 in the shape of a layer on the n mold SiC substrate 130. 

[0061] Since ohmic contact is acquired by forming silicide on SiC and also there is no 
segregation of the surplus carbon by silicide generation by forming a carbide layer, much more 
low resistance-ization of an ohmic electrode can be achieved. Moreover, since the 2nd element 
nitride is used, the nitrogen which is a dopant in the n mold SiC is not pulled out out of SiC and 
high concentration can be maintained, reduction of ohmic contact resistance can be aimed at 
further. 

[0062] (The 8th operation gestalt) Drawin g 16 is the sectional view having shown an example of 
the electrode structure concerning the 8th operation gestalt of this invention. As shown in 
drawing 16 , the mixture layer 135 in which the field which consists of the field which consists of 
the 1st element, the field which consists of the 2nd element nitride, a field which consists of a 
1st yuan raw charcoal ghost, and the 2nd element silicide was intermingled is formed on the n 
mold SiC substrate 130. 

[0063] The 1st element is an element in which the carbide enthalpy of formation has a negative 
value, and the same element as the 5th operation gestalt is used. The 2nd element is an element 
in which the silicide enthalpy of formation has a negative value, and the same element as the 5th 
operation gestalt is used. 

[0064] Drawing 17 is the process sectional view having shown an example of the manufacture 
approach of electrode structure which has a configuration as shown in drawing 16 . As shown in 
drawing 17 (a), as shown in drawing 17 (b), the mixture layer 135 is formed by heat-treating by 
forming the mixture layer 136 in which the 1st element and the 2nd element nitride were 
intermingled on the n mold SiC substrate 1 30. 

[0065] In this example, since the ohmic contact to SiC is acquired with the silicide in the mixture 
layer 135 and also there is no segregation of the surplus carbon by silicide generation by forming 
carbide into the mixture layer 135, much more low resistance-ization of an ohmic electrode can 
be achieved. Moreover, the nitrogen which is a dopant in the n mold SiC is not drawn out by the 
2nd element nitride out of a SiC substrate, and reduction of ohmic contact resistance can be 
aimed at further. Moreover, with this operation gestalt, as compared with the 7th operation 
gestalt, since it ends with deposition of only one layer, the manufacture approach becomes 
simple. 

[0066] Drawing 18 is the sectional view having shown other examples of the electrode structure 
concerning this operation gestalt. That is, the cap layer 137 is formed on the mixture layer 135 
shown by drawing 1 7 . The effectiveness by the ingredient of the cap layer 137 and the cap layer 
is the same as that of the example of the cap layer shown by drawing 13 . 

[0067] (The 9th operation gestalt) Drawing 19 is the sectional view having shown an example of 
the electrode structure concerning the 9th operation gestalt of this invention. As shown in 
drawing 19 , the 3rd element high concentration layer 145 in which the impurity was doped by 
SiC at high concentration, the 2nd element silicide layer 144, the 2nd element layer 143, the 1st 
yuan raw charcoal ghost layer 142, and the 1st element layer 141 are formed on the p mold SiC 
substrate 140. 

[0068] The 1st element is an element in which the carbide enthalpy of formation has a negative 
value, and the same element as the 5th operation gestalt is used. The 2nd element is an element 
in which the silicide enthalpy of formation has a negative value, and the same element as the 5th 
operation gestalt is used. As the 3rd element, 3 group element or 2 group element is used, and, 
specifically, it is chosen from B, aluminum, Ga, In, Tl, Sc, Y, Be, Mg, calcium, Sr, Ba, Ra, Zn, Cd, 
Hg, etc. 

[0069] Dra w ing 20 is the process sectional view having shown an example of the manufacture 
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approach or electrode structure which has a contiguration as shown in drawing J y . As shown in 
drawing 20 (a), as shown in drawing 20 (b), the 3rd element high concentration layer 145, the 2nd 
element silicide layer 144, and the 1st yuan raw charcoal ghost layer 142 are formed by heat- 
treating by the 3rd element layer 146, the 2nd element layer 143, and the 1st element layer 141 
forming the shape of a layer on the p mold SiC substrate 140. 

[0070] In this example, since a carrier carries out tunneling of this high concentration layer 145 
by forming the high concentration layer 145 which contains the 3rd element as a dopant, 
reduction of ohmic contact resistance can be aimed at. 

[0071] (The 10th operation gestalt) Drawing 21 is the sectional view having shown an example of 
the electrode structure concerning the 10th operation gestalt of this invention. As shown in 
drawing 21 , the mixture layer 151 in which the field which consists of the field which serves as 
the 3rd element high concentration layer 152 in which the high-concentration impurity was 
doped by SiC on the p mold SiC substrate 140 from the 1st element, the field which consists of 
the 2nd element, the field which consists of the 3rd element, a field which consists of a raw 
charcoal ghost, and the 2nd element silicide was intermingled is formed in the shape of a layer. 
The same element as the 9th operation gestalt is used for the 1st element, the 2nd element, and 
the 3rd element. 

[0072] Drawing 22 is the process sectional view having shown an example of the manufacture 
approach of electrode structure which has a configuration as shown in drawing 21 . As shown in 
drawing 22 (a), as shown in drawing 22 (b) f the 3rd element high concentration layer 1 52 and the 
mixture layer 151 in which the impurity was doped by high concentration are formed in SiC by 
heat-treating by forming the mixture layer 153 in which the 1st element, the 2nd element, and 
the 3rd element were intermingled on the p mold SiC substrate 140. 

[0073] Reduction of ohmic contact resistance can be aimed at like the 9th operation gestalt by 
forming the high concentration layer 152 which contains the 3rd element as a dopant also by this 
example. 

[0074] Drawing 23 is the sectional view having shown other examples of the electrode structure 
concerning this operation gestalt. That is, the cap layer 154 is formed on the mixture layer 151 
shown by drawing 22 . The effectiveness by the ingredient of the cap layer 1 54 and the cap layer 
is the same as that of the example of the cap layer shown by drawing 13 . 
[0075] Drawing 24 is the process sectional view having shown an example of the manufacture 
approach of electrode structure which has a configuration as shown in drawing 23 . As shown in 
drawing 24 (a), the ion implantation of the 2nd element and the 3rd element is carried out on the 
p mold SiC substrate 140, and as shown in drawing 24 (b), the amorphous field 155 is formed. 
Then, as shown in drawing 24 (c), the mixture layer of the 1st element, the 2nd element, and the 
3rd element is formed, it heat-treats further, and as shown in drawing 24 (d), the mixture layer 
151 is formed. By furthermore carrying out the laminating of the cap layer 154 on it, it prevents 
that an electrode reacts with the oxygen in air and deteriorates. Like drawing 24 (a), if the ion 
implantation of the 2nd element and the 3rd element is performed to coincidence, it can promote 
that the 3rd element is introduced into p mold-SiC140 as a dopant, and ohmic contact 
resistance can be reduced further. 

[0076] (The 1 1th operation gestalt) Drawing 25 is the sectional view having shown an example of 
the electrode structure concerning the 11th operation gestalt of this invention. As shown in 
drawing 25 , the mixture layer 161 in which the field which consists of the field which serves as 
the 3rd element high concentration layer 162 in which the high-concentration impurity was 
doped by SiC from the 3rd element, the field which consists of the 4th element, a field which 
consists of a 4th yuan raw charcoal ghost, and the 4th element silicide was intermingled is 
formed in the shape of a layer on the p mold SiC substrate 140, and the cap layer 163 is formed 
further. 

[0077] The carbide enthalpy of formation and the silicide enthalpy of formation are elements with 
a negative value, and the 4th element is specifically chosen [ both ] from Ta, Nb, Ti, Th, Cr, Mn, 
calcium, etc. It is the same as that of what 3 group element or 2 group element was used, and 
was specifically previously shown as the 3rd element. Reduction of ohmic contact resistance can 
be aimed at by forming the high concentration layer 162 which contains the 3rd element as a 
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[0078] Drawing 26 is the process sectional view having shown an example of the manufacture 
approach of electrode structure which has a configuration as shown in drawing 25 . As shown in 
drawing 26 (a), the ion implantation of the 4th element and the 3rd element is carried out on the 
p mold SiC substrate 140, and as shown in drawing 26 (b), the amorphous field 165 is formed. 
Then, as shown in drawjng 26 (c) ( the 3rd element layer 166 and the 4th element layer 167 are 
formed, it heat-treats further, and as shown in dra win g 26 (d), the mixture layer 161 is formed. 
By furthermore carrying out the laminating of the cap layer 1 63 on it, it is prevented that an 
electrode reacts with the oxygen in air and deteriorates. 

[0079] in addition, the 1- explained above — as for heat treatment, in the 1 1th operation gestalt, 
it is desirable to perform preferably 500 degrees C - 1000 degrees C at 700 degrees C - 900 
degrees C into inert gas ambient atmospheres, such as Ar. 

[0080] (The 12th operation gestalt) Drawing 27 shows the sectional view of the semiconductor 
device concerning the 12th operation gestalt of this invention. 

[0081] As shown in drawing 27 , the aluminum-Si-C wiring material 202 is formed on electrode 
201a of IGBT201 using SiC, and bonding of the aluminum wire 203 is carried out to this 
aluminum-Si-C wiring material 202. As for the aluminum-Si-C wiring material 202, Si more than a 
solid-solution limit community and C more than a solid-solution limit community are dissolving in 
aluminum. About 0.7% of C concentration is [ Si concentration in aluminum ] desirable 1.5%. 
[0082] Usually, when the aluminum-Si alloy used as wiring material to Si is used to SiC, the 
problem that carbon is pulled out happens from SiC. In this example, by using aluminum-Si-C 
which was mentioned above as wiring material formed on a SiC device, degradation of the 
electrode caused by deposit of the carbon in Si or wiring material can be prevented, and 
resistance of an electrode section or a wiring part can be reduced. 

[0083] (The 13th operation gestalt) Drawing 28 shows the sectional view of the semiconductor 
device concerning the 13th operation gestalt of this invention. 

[0084] As shown in drawing 28 , on a SiC substrate 21 1 main front face, the SiC epilayer 212 
and the shot key electrode 213 are formed, the ohmic electrode 214 is formed on SiC substrate 
21 1 rear face, and SiC-SBD (Schottky barrier diode)210 is formed by these. On the shot key 
electrode 213 of SiC-SBD210, and the ohmic electrode 214, the aluminum-Si-C wiring material 
21 5 to which Si and C more than a solid-solution limit community dissolved is formed into 
aluminum. The effectiveness of this aluminum-Si-C wiring material 215 is the same as the 
effectiveness of a previous operation gestalt, by using aluminum-Si-C as wiring material, can 
prevent degradation of the electrode caused by deposit of the carbon in Si, or wiring material, 
and can reduce resistance of an electrode section or a wiring part. 

[0085] (The 14th operation gestalt) Drawing 29 shows the plan and sectional view about the 
semiconductor device concerning the 14th operation gestalt of this invention. 
[0086] As shown in drawing 29 (a), it arranges in the same package combining SiC-IGBT222 and 
SiC-SBD221. As shown in drawing 29 (b), on the principal plane electrode of SiC-IGBT222 and 
SiC-SBD221, the aluminum-Si-C wiring material 223 is formed. On the aluminum-Si-C wiring 
material 223, the electrode 225 (Cu etc. is used) is formed through the metal layer 224 (Mo etc. 
is used). Moreover, the electrode 226 (Cu etc. is used) is formed also in the rear-face side of 
SiC-IGBT222 and SiC-SBD221. Also in this example, the effectiveness same with having stated 
previously can be done so by the aluminum-Si-C wiring material 223. 

[0087] In addition, although SiC-IGBT and SiC-SBD were mentioned as the example with the 
above-mentioned operation gestalten 12-14 and they explained them, a switching element, a 
rectifying device, etc. not only using these but SiC cap apply a configuration which was 
mentioned above also to other semiconductor devices. 

[0088] (The 15th operation gestalt) Drawing 30 is the process sectional view having shown the 
manufacture approach of the semiconductor device concerning the 15th operation gestalt of this 
invention. 

[0089] First, as shown in drawing 30 (a), it is the SiC substrate 251 whole Si02 It covers by the 
film 252. Then, only the rear-face side of the SiC substrate 251 is Si02. The film 252 is 
removed, and further, as shown in drawing 30 (b), the electrode material 253 is deposited. 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_eije 



2006/06/20 



nowever, wnen using me eiectroue materia* _.uo as an oiumo _ic_uoue, hi ut uci lo acquiic iuw 
resistance ohmic contact of SiC / electrode interface, hot heat treatment is needed. On the 
other hand, since the electrode 255 formed in SiC substrate 251 front face in the process of 
drawing 30 (d) cannot bear elevated-temperature heat treatment after formation of an electrode 
255 completes formation and elevated-temperature heat treatment of the electrode material 
253, it must be performed. However, Si02 which remained on the SiC substrate 251 in the 
process of drawing 30 (c) in order to form an electrode 255 The film 252 must be removed. Si02 
Although acids, such as HF, are used in order to remove the film 252, there is a possibility that 
the electrode material 253 may be eaten away by the acid, in that case. Then, the electrode 
material 254 is formed using an insoluble metal to an acid on the electrode material 253, and it 
prevents that the electrode material 253 is eaten away by the acid. 

[0090] Suppose "Use one or more metals chosen from Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, and W which 
are 4A group, 5A group, and 6A group element as acid-proof electrode material 254." 
[0091] (The 16th operation gestalt) D rawin g 31 is the sectional view having shown an example of 
the electrode structure concerning the 16th operation gestalt of this invention. As shown in 
drawing 31 , it is Si1-x-y Cx Gey on the SiC substrate 301. The layer 302 and the cap layer 303 
are formed in the shape of a layer, x is 0<=x<=0.5, y is 0<=y<=0.3, and germanium concentration 
has become three or more [ 1021cm - ]. 

[0092] It is desirable to use what contains in the cap layer 303 one or more elements specifically 
chosen from nickel, Pd, Pt, Cu, Ag, Au, Zn, aluminum, Ga, In, C, Si, germanium, Sn, Pb, Ti, Zr, Hf, 
V, Nb, Ta, Cr, Mo, and W, such as a metal and an intermetallic compound. 

[0093] SM-x-y Cx Gey As compared with SiC, it is Si1~x-y Cx Gey between the cap layers 303 
which have the SiC substrate 301 and metal conductivity since the band gap is narrow. By 
making a layer 302 intervene, the barrier of a metal / semi-conductor interface can be reduced, 
and ohmic contact resistance can be reduced. Moreover, Si1-x-y CxGey If the layer 302 is 
doped by the same conductivity type as the SiC substrate 301, an ohmic electrode with still 
lower contact resistance can be obtained. 

[0094] Drawing 32 is the sectional view having shown other examples of the electrode structure 
concerning this operation gestalt. The fundamental configuration of electrode structure is the 
same as that of the example shown in drawing 31 . Differing from the example of drawing 31 is 
Si1-x-y Cx Gey. A part of layer 302 is the point of being buried in the SiC substrate 301. 
Depending on the production approach of an electrode, it is Si1-x-y Cx Gey like this example. 
Although the location of a layer 302 may change, the same effectiveness as the example of 
drawing 31 can be done so. 

[0095] Drawing 33 is the sectional view having shown other examples of the electrode structure 
concerning this operation gestalt. The fundamental configuration of electrode structure is the 
same as that of the example shown in drawing 31 . Differing from the example of drawing 31 is 
Si1-x-y Cx Gey. It is the point that the layer 302 whole is buried in the SiC substrate 301. SM- 
x-y Cx Gey boiled depending on the production approach of an electrode so that it may be this 
example Although the location of a layer 302 may change, the same effectiveness as the 
example of drawing 31 can be done so. 

[0096] (The 17th operation gestalt) Drawing 34 is the sectional view having shown an example of 
the electrode structure concerning the 17th operation gestalt of this invention. It is Si1-x-y Cx 
Gey that this operation gestalt differs from the 1 6th operation gestalt. It is the point that the 
germanium layer 304 is formed in the shape of a layer on the layer 302. At this example, it is 
Si1-x-y Cx Gey with a band gap narrower than SiC on the SiC substrate 301. A layer 302 is 
formed and it is Si1-x-y Cx Gey on it further. Since the germanium layer 304 with a narrow band 
gap is formed, the barrier of a metal / semi-conductor interface can be made still lower, and 
ohmic contact resistance can be reduced further. 

[0097] (The 18th operation gestalt) Drawing 35 is the process sectional view having shown an 
example of the manufacture approach of electrode structure which has a configuration as shown 
with the 16th operation gestalt. 

[0098] As shown in drawing 35 (a), it is Si1-x-y Cx Gey on the SiC substrate 301. After 
depositing a layer 321, as by performing heat treatment shows to drayying 35 (b), they are the 
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discontinuity is made to ease. Then, as shown in drawing 35 (c), it is Si1-x-y Cx Gey. The cap 
layer 323 is made to deposit on a layer 322. 

[0099] Drawing 36 is the process sectional view having shown other examples of the 
manufacture approach of the electrode structure of having a configuration as shown with the 
1 6th operation gestalt. 

[0100] As shown in drawing. 36 (a) f it is Si1-x-y Cx Gey on the SiC substrate 301. After 
depositing a layer 321 and the cap layer 323 in the shape of a layer, it considers as structure as 
shown in drawing 36 (b) by performing heat treatment. 

[0101] Drawing 37 is the process sectional view having shown other examples of the 
manufacture approach of the electrode structure of having a configuration as shown with the 
16th operation gestalt. 

[0102] As shown in drawing 37 (a), the ion implantation of the germanium is carried out to the 
SiC substrate 301 by acceleration voltage 50keV and dose 3x1016cm-2, and germanium ion- 
implantation field 331 of an amorphous condition is formed. Ion-implantation temperature has 
desirable room temperature -800 degree C. All over germanium ion-implantation field 331, 
germanium contains by three or more [ 1x1 021 cm - ] concentration. Next, heat treatment is 
performed after depositing the cap layer 332, as shown in drawing 37 (b). The sequence of heat 
treatment and cap layer deposition may be reverse. By heat-treating, as shown in drawing 37 (c), 
germanium ion-implantation layer 331 turns into the Si1-x-y Cx Gey layer 333. 
[0103] If the ion-implantation layer of an amorphous state is heat-treated and recrystallized, it is 
known that it will be easy to become 3C crystal structure. Since the band gap is narrow 
compared with the crystal structure of 4H or 6H, 3C crystal structure is Si1-x-y Cx Gey. When 
a layer serves as 3C crystal structure, ohmic contact resistance can be reduced further. 
Moreover, to germanium concentration, an impregnation field, and a pan, an ohmic property is 
controllable free by adjusting the power and the dose at the time of the ion implantation of 
germanium. 

[0104] (The 19th operation gestalt) Drawing 38 is the process sectional view having shown an 
example of the manufacture approach of electrode structure which has a configuration as shown 
with the 1 7th operation gestalt. 

[0105] As shown in drawing 38 (a), the ion implantation of the germanium is carried out to the 
SiC substrate 301 by acceleration voltage 50keV and dose 3x1016cm-2, and germanium ion- 
implantation field 331 of an amorphous condition is formed. Ion-implantation temperature has 
desirable room temperature -800 degree C. All over germanium ion-implantation field 331, 
germanium contains by three or more [ 1x1 021 cm - ] concentration. Next, heat treatment is 
performed after depositing the germanium deposit 334 and the cap layer 335 in the shape of a 
layer, as shown in drawing 38 (b). The sequence of heat treatment, germanium layer, and cap 
layer deposition may be reverse. By heat-treating, as shown in drawing 38 (c), germanium ion- 
implantation layer 331 is Si1~x-y Cx Gey. It becomes a layer 336. 

[0106] By heat-treating and recrystallizing the ion-implantation layer of an amorphous state also 
by this example, it becomes easy to form 3C crystal structure, and ohmic contact resistance can 
be reduced further. 

[0107] (The 20th operation gestalt) Drawing 39 is the process sectional view having shown an 
example of the manufacture approach of the electrode structure concerning the 20th operation 
gestalt of this invention. 

[0108] As shown in drawing 39 (a), the ion-implantation field 341 of an amorphous condition is 
formed by carrying out the ion implantation of germanium and the dopant element to the SiC 
substrate 301. germanium and dopant ion may be poured into coincidence and may be poured in 
separately. Ion-implantation temperature has desirable room temperature -800 degree C. 
germanium is made to contain by three or more [ 1x1 021 cm - ] concentration all over the ion- 
implantation field 341 . That from which the ion-implantation field 341 serves as the same 
conductivity type as the SiC substrate 301 is used for a dopant element. If the SiC substrate 
301 is n mold, will make a dopant into 5 group element and the thing specifically chosen from N, 
P, As, Sb, Bi, V, Nb, and Ta, and if the SiC substrate 301 is p mold Let dopants be three groups 
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Y, Be, Mg, calcium, Sr, Ba, and Ra. 

[0109] The ion-implantation field 341 serves as concentration more than the solid-solution limit 
community in the thermal equilibrium state [ concentration / in a field 341 / dopant ] in SiC by 
making it amorphous. Consequently, Si1~x-y Cx Gey formed at the following process The doping 
concentration in a layer 343 can be raised by leaps and bounds, and ohmic contact resistance 
can be reduced. 

[0110] After heat-treating, as shown in drawing 39 (c), the cap layer 342 is deposited in the 
shape of a layer. The sequence of heat treatment and cap layer deposition may be reverse. By 
heat-treating, the ion-implantation layer 341 is Si1-x-y Cx Gey. It becomes a layer 343. As a 
cap layer 342, a metal, an intermetallic compound, etc. should just use what was shown 
previously, and the same thing. 

[01 1 1] (The 21st operation gestalt) Drawing 40 is the process sectional view having shown an 
example of the manufacture approach of the electrode structure concerning the 21st operation 
gestalt of this invention. 

[0112] As shown in drawing 40 (a), the ion-implantation field 341 of an amorphous condition is 
formed by carrying out the ion implantation of germanium and the dopant element to the SiC 
substrate 301. The ion notes entry condition, the dopant element, etc. are the same as that of 
the case of the 20th operation gestalt mentioned above. The ion-implantation field 341 serves as 
concentration more than the solid-solution limit community in the thermal equilibrium state 
[ concentration / in a field 341 / dopant ] in SiC by making it amorphous. Consequently, Si1~x-y 
Cx Gey formed at the following process The doping concentration in a layer 346 can be raised by 
leaps and bounds, and ohmic contact resistance can be reduced. 

[01 13] As it heat-treats and is shown in drawing 40 (b), it is Si1-x-y Cx Gey. After forming a 
layer 346, as shown in drawing 40 (c), the germanium layer 344 and the cap layer 345 are 
deposited in the shape of a layer. The sequence of deposition, such as heat treatment and a cap 
layer, may be reverse. As a cap layer 342, a metal, an intermetallic compound, etc. should just 
use what was shown previously, and the same thing. Moreover, as for the germanium layer 344, it 
is desirable to be doped by the same conductivity type as the SiC substrate 301. 
[01 14] (The 22nd operation gestalt) Drawin g 41 is the process sectional view having shown an 
example of the manufacture approach of the electrode structure concerning the 22nd operation 
gestalt of this invention. 

[01 15] As shown in drawing 41 (a), after forming the mixture layer 352 of germanium and a 
dopant element on the SiC substrate 301, as shown in drawing 41 (b), the ion implantation of 
germanium and the dopant element is carried out, and the ion-implantation field 351 of an 
amorphous condition is formed. The ion notes entry condition, the dopant element, etc. are the 
same as that of the case of the 20th operation gestalt mentioned above. The ion-implantation 
field 351 serves as concentration more than the solid-solution limit community in the thermal 
equilibrium state [ concentration / in a field 351 / dopant ] in SiC by making it amorphous. 
Consequently, Si1~x~y Cx Gey formed at the following process The doping concentration in a 
layer 354 can be raised by leaps and bounds, and ohmic contact resistance can be reduced. 
[01 16] As it heat-treats and is shown in drawing 41 (c), it is Si1~x-y Cx Gey. After forming a 
layer 354, the cap layer 353 is deposited in the shape of a layer. The sequence of deposition of 
heat treatment and a cap layer may be reverse. As a cap layer 353, a metal, an intermetallic 
compound, etc. should just use what was shown previously, and the same thing. 
[01 17] (The 23rd operation gestalt) Drawing 42 is the sectional view showing the manufacture 
approach of the electrode structure concerning the 23rd operation gestalt of this invention. 
[01 18] As shown in drawin g 42 (a), after depositing the Pori Si layer 361 on the SiC substrate 
301, as shown in drawing 42 (b), the impregnation field 362 of an amorphous condition is formed 
by carrying out the ion implantation of the germanium. As for the ion-implantation field 362, it is 
desirable to be doped by the same conductivity type as the SiC substrate 301. Ion-implantation 
temperature has desirable room temperature -800 degree C. germanium is made to contain by 
three or more [ 1x1 021 cm - ] concentration all over the ion-implantation field 362. 
[01 19] It heat-treats, as shown in drawing 42 (c), and it is the ion-implantation field 362 Si1-x~y 
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ux uey it considers as a layer J04 ana an electrode joj is Turther deposited in the snape ot a 
layer on it. Even if the sequence of heat treatment and electrode deposition is reverse, there is 
no inconvenience. As an electrode 363, the thing containing one or more elements specifically 
chosen from nickel, Pd, Pt ( Cu, Ag, Au, Zn, aluminum, Ga, In, C, Si, germanium, Sn, Pb, Ti, Zr, Hf, 
V, Nb, Ta, Cr, Mo, and W, such as a metal and an intermetallic compound, is desirable. 
[0120] (The 24th operation gestalt) Drawi ng 43 is the sectional view showing the manufacture 
approach of the electrode structure concerning the 24th operation gestalt of this invention. 
[0121] As shown in drawing 43 (a), after depositing the Pori Si layer 371 on the SiC substrate 
301, as shown in drawing 43 (b), the ion-implantation field 372 of an amorphous condition is 
formed by carrying out the ion implantation of germanium and the dopant element. Ion- 
implantation temperature has desirable room temperature -800 degree C. germanium is made to 
contain by three or more [ 1x1 021 cm - 3 concentration all over the ion-implantation field 371. 
The ion notes entry condition, the dopant element, etc. are the same as that of the case of the 
20th operation gestalt shown previously. 

[0122] It heat-treats, as shown in drawin g 4 3 (c), and it is the ion-implantation field 372 Si1-x-y 
Cx Gey It considers as a layer 374 and an electrode 373 is further deposited in the shape of a 
layer on it. Even if the sequence of heat treatment and electrode deposition is reverse, there is 
no inconvenience. The same metal as what was shown previously etc. can be used for an 
electrode 373. Si1-x-y Cx Gey Since the impurity is doped by high concentration, a layer 374 
can reduce ohmic contact resistance. 

[0123] (The 25th operation gestalt) Drawing 44 is the sectional view showing the manufacture 
approach of the electrode structure concerning the 25th operation gestalt of this invention. 
[0124] As shown in drawing 44 (a), after depositing the mixture layer 381 and the cap layer 382 
of Si and germanium in the shape of a layer on the SiC substrate 301, as by performing heat 
treatment shows to drawing 44 (b), the SiC substrate 301 and the mixture layer 381 of Si and 
germanium react, and it is Si1-x-y Cx Gey. A layer 383 is formed. What is necessary is just to 
use the metal same as a cap layer 382 as what was shown previously etc. 

[0125] (The 26th operation gestalt) Drawing 45 is the sectional view showing the manufacture 
approach of the electrode structure concerning the 26th operation gestalt of this invention. 
[0126] As shown in drawing 45 (a), after depositing the mixture layer 391 of Si and germanium in 
the shape of a layer on the SiC substrate 301, the ion implantation of the dopant element is 
carried out. Then, heat treatment is performed after depositing the cap layer 393, as shown in 
drawing 45 (b). By heat treatment, the mixture layer 92 of Si and germanium to which the ion 
implantation of the SiC substrate 301 and the dopant element was carried out reacts, and it is 
Si1-x-y Cx Gey. A layer 394 is formed. Si1-x-y Cx Gey Since the impurity is doped by high 
concentration, a layer 394 can reduce ohmic contact resistance. 

[0127] in addition, the 16- explained above — as for heat treatment, in the 26th operation 
gestalt, it is desirable to perform preferably 500 degrees C - 1000 degrees C at 700 degrees C - 
900 degrees C into inert gas ambient atmospheres, such as Ar. 

[0128] (The 27th operation gestalt) Draw in g 46 is the sectional view having shown the example 
of a configuration of the schottky diode concerning this operation gestalt. the time of this 
operation gestalt preparing the guard ring of a conductivity type contrary to a SiC substrate in 
the perimeter of a shot key electrode — between a guard ring and electrodes — enough — low 
— it can be made to perform ohmic contact [ **** ]. 

[0129] As for a rear-face electrode and 405, in drawing 46 , the doping layer from which in 401 a 
SiC substrate and 402 become a SiC epitaxial growth phase, and 403 becomes a guard ring, and 
404 are [ a surface treatment layer (Si1~x-y Cx Gey by which the impurity was doped layer), and 
406 ] surface electrodes. 

[0130] The substrate in which the n mold SiC epitaxial growth phase 402 (10 micrometers in 
thickness) of a light dope was formed was prepared for the n mold SiC substrate 401 . SiC has 
4H so-called type of structure, and bearing of the field which carried out epitaxial growth is the 
so-called Si side of a field (001). 

[0131] After performing washing processing to the above-mentioned substrate, the oxide film 
was formed at 1200 degrees C among the oxygen ambient atmosphere. Then, silicon oxide was 
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runner rormea Dy orainary pressure uvu, ana it considered as the total I micrometer oxide rum. 
Then, the pattern which carries out patterning of this oxide film, and does not have an oxide film 
in a predetermined location was formed. The 1019cm-3 ion implantation of the boron ion was 
carried out at 1000 degrees C to the substrate with which this oxide film was formed. Then, the 
boron which performed annealing and was doped was activated at 1500 degrees C, and the 
doping layer 403 of p mold was formed in the part without an oxide film. After removing an oxide 
film on the back, 1 micrometer of nickel was vapor-deposited as a rear-face electrode 404, it 
annealed at 950 more degrees C, and ohmic nature with a substrate was secured in the rear 
face. 

[0132] Next, after washing doping layer 403 front face of p mold by acid treatment, as the ion 
implantation of the germanium was carried out and it was shown in drawing 46 (b) and (the 
enlarged drawing of drawing 46 (a)), the surface-preparation layer 405 (Si1~x-y Cx Gey by which 
boron was doped layer) was formed. In the surface treatment layer 405, germanium contains by 
three or more [ 1x1 021 cm - ] concentration. Then, all the oxide films were removed, 1 
micrometer of Ti was vapor-deposited as a surface electrode 406, and patterning was performed. 
Furthermore, annealing was performed at 400 degrees C and structure as shown in drawing 46 
was created. 

[0133] Thus, by the created sample, p mold doping layer and the surface electrode 406 which the 
SiC epitaxial growth phase 402 and a surface electrode 406 are Schottky contact, and serve as 
a guard ring had become ohmic contact according to an operation of the surface treatment layer 
405. the contact resistance of an ohmic surface of action — 2x10-4ohmcm2 it was . This is 
because the front face was amorphous by the ion implantation of germanium and ohmic nature 
also with about 400-degree C good low-temperature annealing was obtained. 
[0134] In addition, the exposure front face of a substrate was again oxidized before the ion 
implantation of boron, or it formed the about 50nm thin oxide film, germanium was vapor- 
deposited on the substrate front face, the film was formed, and the sample which performed the 
ion implantation of germanium like the account of Gokami was also created, in this case, contact 
resistance — 1x10-4ohmcm2 it is — ohmic nature has been improved further. 
[0135] Moreover, the sample which used n mold doping layer for the guard ring was also created, 
using SiC of p mold as a SiC substrate 401. What carried out the ion implantation of germanium 
or the Si was used for the surface treatment layer 405. Resistance in an ohmic part is 10- 
5ohmcm2. It is the value of a base and ohmic contact has been secured. In what carried out the 
ion implantation of the Si, silicide-ization arises between electrodes and it is considered because 
ohmic nature became is easy to be obtained. 

[0136] (The 28th operation gestalt) Drawing 47 is the sectional view having shown the example 
of a configuration of the Schottky barrier diode concerning the 28th operation gestalt of this 
invention. 

[0137] The n mold SiC epitaxial layer 501 is formed on the n mold SiC substrate 500, the p mold 
SiC layer 502 is formed in the predetermined field on the SiC epitaxial layer 501, and the shot 
key electrode 503 is formed on the SiC epitaxial layer 501 inserted into the p mold SiC layer 
502. The p mold SiC layer 502 and the front face of the shot key electrode 503 are covered by 
the polish recon 504, and the ohmic electrode 505 is formed on the n mold SiC substrate 500 
rear face. 

[0138] The hydrogen of predetermined concentration is contained in the SiC epitaxial layer 501. 
Acceptor level and donor level of SiC are deep, the trap of the carrier is carried out to the deep 
level which a non-dopant impurity makes in many cases, and it has the problem that a 
component property falls. By making hydrogen contain, the deep level which a non-dopant 
impurity makes can be compensated, carrier concentration and carrier mobility rise, and 
improvement in the electrical characteristics of a Schottky barrier diode can be aimed at. 
[0139] Moreover, if hydrogen is contained also in the p mold SiC layer 502, since the 
effectiveness which inactivates a residual donor will also be acquired, the carrier concentration 
of the p mold SiC can rise further, and leakage current can also be reduced. 
[0140] SiC in which hydrogen was contained can produce dopant ion and a hydrogen ion on a 
front face coincidence or by carrying out an ion implantation separately or mixing hydrogen at 
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uie time or crystal growtn. as ror nyorogen concenLration, \i is aesiraoie znaz \z is tnree or less 
[ 1x1 01 8cm - ], and it is desirable that it is three or more [ 1x1 01 4cm - ]. 

[0141] (The 29th operation gestalt) Drawing 48 is the sectional view having shown the example 
of a configuration of the Schottky barrier diode concerning the 29th operation gestalt of this 
invention. 

[0142] The n mold SiC epitaxial layer 51 1 is formed on the n mold SiC substrate 510, and silicon 
oxide 512 is formed in the predetermined field on the SiC epitaxial layer 51 1. The upper part of 
the SiC epitaxial layer 51 1 in which silicon oxide 512 was formed is covered with the shot key 
electrode 513, and the ohmic electrode 514 is formed on the n mold SiC substrate 510 rear face, 

[0143] The oxygen of predetermined concentration is contained in the n mold SiC substrate 510 
and the SiC epitaxial layer 511. SiC has many crystal defects resulting from a hole etc., and by 
making oxygen contain, a defect can be made to ease, carrier concentration and carrier mobility 
rise, and it can aim at improvement in the electrical characteristics of a Schottky barrier diode. 
[0144] SiC in which oxygen was contained can produce dopant ion and oxygen ion on a front 
face coincidence or by carrying out an ion implantation separately or mixing oxygen at the time 
of crystal growth. As for an oxygen density, it is desirable that it is three or less [ 1x1 01 8cm - ], 
and it is desirable that it is three or more [ 1x1 01 4cm - ]. 

[0145] In addition, although the above 28th and the operation gestalt of 29 explained the 
Schottky barrier diode to the example, it is applicable to other SiC semiconductor devices, such 
as a rectifying device, a switching element, etc. using SiC. 

[0146] Moreover, SiC with all the crystal structures, such as 2H, 4H f 6H, and 3C, is applied to 
SiC shown with each above-mentioned operation gestalt. 

[0147] As mentioned above, although the operation gestalt of this invention was explained, it is 
possible for this invention to deform within limits which are not limited to these operation 
gestalten and do not deviate from the meaning variously, and to carry out. 
[0148] 

[Effect of the Invention] According to this invention, in the semiconductor device using SiC, low 
resistance-ization can be achieved by making an electrode field into predetermined structure. 
Moreover, the fall of carrier concentration or carrier mobility can be controlled by making SiC 
contain oxygen and hydrogen. Therefore, according to this invention, it becomes possible to 
obtain the semiconductor device of high performance. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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«ttx>0. 5T^5S ix Ci-x Jiatf«<bftfe*x 

So 

□1*913] S i CfiWSfctOS i Cfi5«±»c*J8£ft 

HMfJH] s i c*«i:e:©s i cffl«±fcjg«*n 
Si. 

BSN8S5 3 niS i ClitCOniS i C««±E 

2 <D7iM<Dmtynfr S * 3 A,-e«j££ tlTV ■» § * 

LfcBfcdA/TfWjSSftTV-'S c 
M#3i6 3 pis i ciatcOpSS i caogLhe 

3 m<om 3 ©^&^tys*-&A,-?&j5Jt£ftTV"> 

[»*S7] piS i CI«i:C©pSS i C««±K: 



(2) #12 00 0- 1 0 1 09 9 

SB, S4©^JK©gfktt*6ft4B&tf2SKtt3Si 
©»3©7^*dttB*^A/Z»*l«;£nT^S, #1^ 

-#A©B*J$oS 4 ©7ClROK<tW®ffi«RtfS 4 © 
7t*OSfl:«l©1B«3S» , iSft LfcBfttf K 2 «X»4 3 S£cd 
|g 3 ©7cJ£*-g-£?S#"&A,T«f£SftTV->5 CI i: ^ 

C»*B8 3 S i CWWfeCOS i CSWLhKJ&SStt 

0] S i CfiSWfctOS i C««±KUBfiRS 

MiSteG eilStfl 0 2 ' cm-»«±-?$5S ii-«-y C 

' annua i u fgism§y<Ds i cf«t^ corns* 

S i Ci«i*WT5ff«:giT-feot, SufBm^gP 
i:MI5^2«aiCDS i CffiiSO^gPKG eBStf 1 
0 Z1 cnr'tLhOS ii-x-» Cx Gey S#fl2Ji*;£ftT 

JO Ht#S 1 2] 1X10"c m^fitT©** 

mm* 

[000 1] 
[0 0 0 2] 

ctci«5„ 

[0 0 0 3] Sfc. S i C^rfflVfc^a y 
*-«*<0HHWK: S i CSStliI©IffOf-F 



-2- 



3 

[0 0 0 4] — S i C«\ ^ft^^^W^ffi^ 

[0 0 0 5] 10 

fc. S i CttF^^^eS^WSKjEHbT, ^'J7 
U 78W*)WET L^iT^ £ v> t> fcPJJHfc * 

[0006] ^mm±Mm^(Dmm\^\^xr^nrc 
^(DX&K), s i c*fflv^fc*«j^lK:fe^r, 

[0 0 0 7] 

CWH*j*8fe-r«fc*0#ffl *58BlifcJ\ S i C«ttfc 
COS i C««±K:»*Stife«aHR«i:*#-r5*« 
.«8K$oT, tfffE«S®«f± x > 0 . i 

x Ci-x Jl«r^t?«jS^rtiTv^5c:i:*«Fafc-r5o 

[0008] x>0. 5T*$5S ix Ci-x JBfciu S i 
C (*W3BB»k:^^T#tc s i C i:E*bfefeOti. «F 

tctf^^v^D. mmzs io.s co. s ^jgr^^^r 

Bj^C<£*Ui\ x>0. 5T^§S ix Ci-x 

-So 

[0 0 0 9] $fc#f£f!fi«, S i cmmt^<DS i CH 
T, bu§B«S^#«x>0. 5t?S^S ix Ci-x MB: 

[0 0 10] *589n?tt, £ 1 OrtSO^kWi> 
*^e-#ft©«T?*Sfc«K S i C«tt©«J|5i:JBl 
©7£«*<KJELT* 1 ©7C*©«fl3&#7ia8Sns £ £ 
tic, x>0. ix Ci-x JlA^fig^tlSo 

COS ix Ci-x SC«tt». $fc<Z)f8BJ§2l|l3*k *-5-y 

^y$>v\s—tfn.(Dm*m-3m i ^tcss^^c «fc 
fcffl«%i*ii:-r*c4:tfT?sr*. 50 



#13 2000-101099 
[0 0 1 1] $fc*^tt, S i CHJiteCCiS i CH 

[0 0 12] ^BJfctntf. «Z»fiK-tf>^tl/c 

s i cB^tsw-sctcfcDs ^n±\z±mmm^is. 
- 5tfctfT?£5„ i Cjlfct± x s i 

o.s Co. s lOilC, x>0. 5ffe5S i« Ci-xJl 

[0013] gttzmit, s i ciitcos i cm 
[oo i &2(07&it<Dmtem&itx.> 

^;l/tT— ^ft«fiST7feSfc4&, S i Cfa^£D^i:l|2 

£j£x>*/l/e-#&©firz?a&5fca&, S i Cfl«©e£ 
X£% 1 ©7c3R««S*SbTJS 1 ©^©*ftW*flgja« 

[0 0 15] gjfefcfgSIBtt, nSS i ClitCCnl 

s i cm^im&ztitcmwmmt*m-?z*mwm 

* SSStf lg 2 <D7m<DmtW0fr & * 5S^-g-A,t?S 

[0 0 16] *^HJt?«> *<0«Wfcra*, ^2©7t:« 
OSf»ci^TM%*-Sy ^SfiSsb^f en. *■> 

{b»©f^fflfc«feO, nSS i CS^OnaK-^yhT 



-3- 



5 

[0 0 17] Sfc*^SWtt. P^S i CfWSfcCKDpS! 

lT$oT, «WB«8Ki«tt. Mbftfe£xy#;I/fcf- 
#ft<offi*8Fo» i o^i^S(t»e^§I, S<t«r 

6 & § US tf 2 jfcXfct 3 SW)3I 3 tOTt^^r^-Oil^r^A, 
TfWSSftTV^ Kfb»£l£x>*;l/l^-# 

ft<offi*** -oJg i ©7E*<DRft:«f<D*«arf3ift«r^ 
x > * ;l/ fcT-*tft <Dffi**So« 2 OTcJRO^ffcWOfflJsl 

[0 0 18] ^«WfclRl«. S2*D7U* 

tlTcS i C (S i o. s Co. s gJWix>0. 5£>S i x 
Ci-x ) ^6*5) S+t'JT^h^'J^tSCf: 

[0 0 19] £fc*f§Bj§&. pSJS i Cffi«tCOpS 

s i c««±K:jg«^nfe«a««k**'r 

RtfiS^^dExv^;!/ e-«<ft©fit*»o» 4 OtcJR 

tf 2 SeXtt 3 ®e<D|g 3 Otc***^** A,T«dc* ft 

j£ x > #ft<0ffi#Jfo3l 4 Otc jR4)MbW<£>® 

«Rtf*4 eD^*03Sfb«Offi«*«aEbfc*Mtf 2 

sxti 3 ss<z>s 3 (Dftm^tsm^^m^nx^ 

[0 0 2 0] m4<D7iM(Omn^tl^M^> 
*;l/if-fttfafb»*«x>^;l/tJ-tfv^nfeft"P* 

K J: ^ TKXOff mtmfflT? ¥Z>£\<^ fcSftS. « & ic 

c £ o s ^ ^attfist*fi«t? * s ^ o 

jftWS6ft3o 
[0 0 2 1] Sfc*aW«. SiCgSfcCKDSiCI 

[0022] Mfam^o^BtcittK&SKjif'rsHisiB 
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[0 0 2 3] *$mfc&ni£, BBitaS85(D^JStC*fbTS 

^offitcKSSA^w^nro^fcft. s i cubism 5 o> 
{b*^tafb*Kr±-r5c twetSo 

[0 0 2 4] Sfc*38W4. SiCMi:£:©SiCl 
T. huW2WS®«« G e 1 0 Z1 cm- 3 «±T?85 

s ii-x-y Cx Gey jis^^a/ssftr^sci:* 

JO [0 0 2 51 S i i-x-y Cx Gey I4S i ClCJi^T^ 
>H^^ilv\ LfctfoT. *SS!filc:<fcftfcf. S 
ii-x-y Cx Gey Cfcfc:<fctK ?:<D±IC& 

mmm^m^ hrctz \c&m/*mwrm\c *5 w- 5 x* 

»JttaSft*ffi»-r«ClktfT*«o Sii-x-y Cx Ge 

v\> g e h^mm^^^xmxT^^yrMt^ 

W£|qJ±£-frSd£#T?#, «fc0-*ffifi*ifb*tt^5 
20 am§o *J3, ±§Bx<0lEHfcfc0<xS0. 5t 

y£>EHf±0<y SO. 3 T?&5 

[0026] SlilitOS i C«« 

tCG e«fiA*l 0 21 cnr 3 J£<±£>S i 1-x-y . Cx Gey 

30 mtm^nx^ c t^wmttZo 

[0 0 2 7] #58Pjm±, WffiSPi:*— FU 

m 2 s i c ««(D*ff sstcm^o g e it^ s 

it-x-y Cx Gey JW (0<x^0. 5. 0<y^0. 
2: So 

[0 0 2 8] Sft*»ra^««*SW*««tt. »JR«V^ 
■^ixi0 18 c m- 3 WT<D7jc**«WrS S i Cffi««r 

40 x l 0 18 cm- 3 KTt**5Ci:tf»SU\ 

[0 0 2 9] S i Cfc***^*^^ 

[0 0 3 0] 

[00 3 1] (* 1 ^flBSffi) H 1 tt^ *5£m<Dm 1 O 
50 *MJg!BK:ff«*flWBfi(0— W«*bteWfffiHT*So 
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m ItCTtt&ofc. S i CSSl 0 1±\CS ix Ci-x 

if i o 2 £&mm i o 3tf««k:jgrii*tiTv^«o 

[0032] Six Ci-x »(±X>0. 5 tft^Tlo 

fc. s i c/s ix ci- x Rmfrz&mmjjfaicfafr-? 

*-^y*SJ^^te»T?#3o S i CS«1 

0 1±^Six Ci-x I10 2^Mt^ci:JaD± 

[0 0 3 3] 02(i, *HffiJgffitc:«5»a«iioffio 

six ci-x ii 0 2^s i cisi o nci^nt^ 

Six Ci-x 11 0 2^ffii^L^S^ HI 

[0034] (mz^ms&m m3\z, ^rnxomzv 

H3tc^-T<fc5^ S iClffil0 1±t*«JSiCI 

1 2 0 ££J»B 1 0 3^Bttt«:jgjac^nTV^5 0 

[0 0 3 5] t°'jSiCIl2 0H SiClffilOl 

#U S i CI1 2 0<DH— tfV^itfitil 0 18 cm 

icii2o^s i ess i o i £&mm i o 3 torn 

fc#Et?Cfcfc:<fcoT, ^tU7^S i CSSl 0 l/# 

«ifi6t*fi«-r«c:i:^*So S i Cifil 0 30 

l±tc^US iCil 2 0*jgric*rsc:i:tc:j:t)±»ffll 

[0036] c*3sas»iB) B4fci\ *?m<om<o 

04tC^-r<£*MC S iCSHOlitCS ix Ci-x 
■ 102, Ml Tcilfftftl 1 0 5RZfm 1 JC^il 
ID i0 4^1«tcM^nw^o 

[0 0 3 7] Jg iTaKfctt. tftfl^^lSx^i^l/fc:-** 
fiOffi*feOTC**MV\ SteWtCte. Ta, Zr, N 
b, Ti, Th, Be, V, Cr, Al. B, Ce, 40 

W, Mn, c a*^^eas3^n§o 
[o o 3 8] ig i comM&mtmm, six ci-« st* 
x>o. s^&^T&tK s i c/s ix Ci-x fmfr 

5JJltC|Rl*^TS i (D*J-&^iiinLTV^5^«). * 
-^y^»»fifitrscfc3yfi«-C*«o Sfc. S i c 
ISlOlitcS ix Ci-xll 0 2*JB«-r«ftftfB 

[0 0 3 9] 05ti. H4tC^Lfc<fc-5S:«fiE*^-rS 
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[0040] 12 5 Ca) ICtxT^oIC S i CSIl 0 
1 ±fcfiS l tHRJB 1 0 4 #«ttfcJgjSLfc». 
fr^THS (b) K:^-T<fc5«:«Jt*fNH-r«o JSItu 

fc«>. s i cifii o i*<oft*i:Ej5u sitc*k 
immi o 5«?n5« ^©Bk s i cin o 1 

mmfrz>&mm£> <i mf2>(DT\ s i 

Six Ci-x I10 2«^Wo C(D^o\C ##1 
[0 0 4 1] 0 6fcJ\ H4^Lft«fc'5ft«J5E* ; &*rS 
[0 0 4 2] m6 (a) Jc^-r<fc3tC, S i Clffil 0 

i ±&c*°u s 11106^1 7mm i o 4*jitttcjg 

;l/tf— 3b^©fit*fc07C*7?fcSfei6. S i CSIl 0 
l*<D«*£fi/EU 06 (b) ^T^tC. Jgl^ 

mmimmi o 5tfM^n§ 0 sfe. s i cisi o 
cit i o i mmf^^tmnttm^^rcib. s i u ^ 

&Sii Ci-x 110 2#Jgj£Sn£o 3KU S i 

S 1 0 6fclS i Clll 0 1 tmv&mgi£%:%&5K 

[0 0 4 3] H7«\ H4lLibfeJ:5 4lJS*ttS 

[0 044] HI 7 (a) klT^T^?^ S i Clil 0 
l ±lc#V S ilio 6^IWcMb^ #y S i 
■ 1 0 6±£ K-^V hS^tvaAtSo S i CSS 
1 0 1 £&V S i JB1 0 6rab*ll^^ 

aA*n*K— ^>h7a(stt. s i ci«i o im 

■£S*U£5Sot*. ^ttWfc&N, P, As, Sb, B 

i^satfns iow±©7E*"efeo> s i cisi o 

1 ^pft^nti 3fflOT*^i/^2fi5e5S*x Hffc&^cte 
B, Al, Ga. In, Tl, Zn. Cd, Hg, S 
c. Y, Be, Mg, Ca, Sr, Ba, Ra^Blff 
ftSlo«±07ni7?$5 0 Y^-VjiAtCcfcD. 17 
(b) fc^TcfcSfc:, S I»l 0 6t±K— yh#U 
S iI10 7i:4t). F-yb#';Sill0 7tDT^ 
S i CSSl 0 1 *>>{*y&XZtlTY*:)l>7TXfflg 
1 0 8 

[0 0 4 5].^, !^7 (c) K— 
t'USillO 7±tcmi7E*«l 0 4*JgflcU 

a*ff5« siTattKftW^K^^^^^-^moffi 

«rfe07C*7?«5fc». 0 7 (d) ^T£*MC, 
7£*Kft*/l 1 0 shmOi'Stu F-^h^U Sill 
0 i x Ci-x jg 1 0 2^JFM^n 

^ 0 r^yrx^^ffliitc<fc^TS$g^k-r^ 
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S i C SOT* Six Ci-xUO 

«iif±3 COit*3b^<S:So 3C-S1CB4H-S 
i C^6H-S i Ctutt^T^^VF^V^^SEV^fc 

So 

[0046] (mimsmm) n%\*. $p^4^ 

[0 047] H8 (a) HCTji-r&vtC. S i Clfil 0 
litc^US iCHO 9*««KJgfigLfcS. *U S 
i CI 1 0 9±IC K-^y h*^t>itAtao SiC 
SSl 0 1 ttfV S 1C110 9fc*HUS»«§!T&5o 

TKMbfcfc<9fc|!0«^&So ^>£A^£D. H8 
(b) tC^T^?^ #US i Cll 0 9^F»^h^ 
U S i CHI 1 0£&D, K-^h^U SiCIllO 
<DT<DS i Cg«l 0 1 fc-Y^aASftTT-t/l/^r 
XffiW 1 1 1 £&£ 0 20 

[0 0 4 8] ^ H8 (c) teTjk-r&'ite, K— 7h 
#y S i CM 1 1 0±tc^M* 1 1 2^1IL/ci, «ft 
«La*fT"5o illl 1 2*««T£ffifc»S#yS«:U 

H8 (d) fcSf «ffc»* 1 1 3tm&?£tu 

F-yh^U S i C/gl 1 OtiSttSftUTS ix c 
i-x Si 0 2^JBjSE^nSo Z^/l^rXftb/cS i C 

^Mitaotimtti. ^ 3 c-s i cuss 

«S6*c&9-*f>-r^£V^3 s i C(!DlfItfS5OT, S i 

x Ci-x Jil 0 2^S«Jfit±3C*7)tb*3b^<«:So 30 

[0049] (msmmmmo H9*4. *«mo*5(d 

l^9K:^rr£5^ S i CSffil 0 l±lcS2 7t3S£{t 
»112 4, Hi2^iR/g 123.S1 7C*«ffc«Wl 1 2 
2Rtf* l 7ulR» l 2 1 ^MmM^nt^^o 
[0 0 5 0] m 1 7C*tt. Kft*^«a:>*;Hf-^fl 
e0ffi*feO7tjR"eSD. SftWlCfci. Ta, Zr, N 
b, Ti, Th, Be, V, Cr, Al, B, Ce, 40 
W, Mn, C aif<9»f^5g!R2ft5«, fg27UfR&. g 

Ca, Ti, Ni, Th, Ta, Co, Mo, 
Cr, Mn, Nb. Fe, R eH©*^5SS3*n§o 
[0 0 5 1] HlOtt, B 9 fc^Lfc<fc 3 

s was «ifioSit>j ffio— l rcxSK® h -e & 
§ 0 iio (a) tc^-r^stc. mzfmmi 23 tm 
iTu^jii 2 x^mmcm&L. mmm^n^ct^x 
0, mio (b) tc^f m2fcmmmmi 2 
4 1» 1 TasKftwi 1 2 2 tfj&asftSo 50 



2000-101099 

[0052] se*«fcDS{t^s i c±tcjFM^n^c 

t J; 0 5 y 5 Stt*m 6 ft 5 C fc # & 6 tlT V> 5 

[0 0 5 3] (£6SQKB!18) HI 1 ti. *5SBOS6 
§0 011 tc^rf £ 5 S i CSS 1 0 1 ±&c^ l 
5 &SfW*ftff » 2 TcJRSftW* S««WiBfiE 

Lfc«©B 1 2 stfj&ssnrv^o 

[0 0 5 4] m 1 tu*^ ^ba±^>^;i/tf-^m 

[0 0 5 5] HI 2fci\ Hi nc^Lfc<fc?&8Wc*lr 
5o Hi 2 ( a ) tC^-T cfc O SiC 1 0 1 ±IC 

mmmztn 5c^ao, hi 2 (b) ^fj^fcig 

[0 0 5 6] SffiJB 1 2 5 ^Sft^CcJ; Q 

S i C^^-^7^gWf^n§fl rE&Ji 1 2 5 
*£MM&#JfeS**i5 c t «fc t> £ 

[0 0 5 7] HI :*Mf£!RK:ff*«SES^Dffi 

cDfla*^b/£Bf®HT?SSo T&;bl3. ^ffi^l 2 5± 
Wf^il 2 7^M?tlTV^o ^y7»12 
7C0«m. Pt, Au, Pd, Nil, li^SlSL 

t7^n 27 *jg«-r 5 c i: ct: 0 . ms^s^*^ 

[0 0 5 8] (S7HSfiJgffi) HI 4tt. *5£W<OSB7 
Ol!*^!BK«S«WI|ffiO-^*^brc»fffiHT?* 
§0 il 4^«9^ nSSiClil30±tC N 

m27zmm<mmi 3 4. »2 7c«aftw»i 3 3. m 
1 jzmm\mm 1 3 zmrm 1 jc^m 1 3 1 s«M?n 

[0059] ai7u*ti. «ft*B^i>*;bfc:-^ft 

[0 0 6 0] Hi 5fcJ\ H 1 4tc^bfecfc'5aSJ5g*W 
t & *«HJBO«Bi7? ffiO— fiW*^ b fcXSW ffiH 1? fe 
& 0 HI 5 (a) niSi Cltl 3 0 
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±fc. * 2 jtmmmm 133^1 Ttmm 131^1 
mcfcf&L, mmmttftsctiz&r), his (to k 

mi 3 2tfjgjs*n5o 

[0061] mt*mfts i c±ic}gdt*ns<ii:tc<fco 

J: D mtm^m^ & 5*Sfl«*<D«W #»t^fc«>* 

i C^K-^VH?$Si«tfS i C**^5l#fcB* 

[0 0 6 2] (£8%SB£ffi) Hl6tt, *»W©»8 
%>o H 1 6 iCT^Tkote. nms i CII 1 3 0±tcjg 

1 TtmmitVafr £ ft SffiiKRtf m 2 7c*^fc*3^ 6 ft 3 
«W#BfiEb;fc«fiEJi 1 3 5^M^ntv^ 0 

[0 0 6 3] mi 7E*tt, K{fc»£jax>*/l/bT-}tfft 
©ffl*feO7c*T?fe0. S5 0*6SJBJ|gi:lRl«©7n*^ 

[006 4] Hl7ti, HI 6fc^b/c<fc3ft«j£* : fi* 
£ Q H 1 7 (a) tc*rT£*M^ n^S i CIS 1 3 0 

iitejg i ftmtm2 7tmmitmm&i,rcmtEm 1 3 6 

*J&8U !»«Bl*ff5CfcJc<fct). Hi 7 (b) £5* 
-T«fcdK:H«E»l 3 5^«Sti*o 
[0 0 6 5] *fiUT?t±, M&m 1 3 5 tWfc: <fc 9 

S i C ^ ^ Sffiit 1 3 5 

*C£D. niS i C^F-^>h^§il^S i C 

JB«7?«»7 0||]SfiJgffifcifc«bT^ 1/KD^itffil? 
» Ofc A«BB»fttf B!«lc ft * o 

[0 0 6 6] H 1 8 «\ #^«!BlC«5tt8HStiS<Dffi 
©fl?!l*^bfcBfffiH"e«So -rftfe-6. HI 7Tvf>bfc 
SfflBl 3 5±W+y^il 37tfM^ntV^ 0 

hi sT^b^-vy^soeofcraai^So 

[0 0 6 7] CSS9*ffl0&«» HI 9tt. *?£Bj?0!g9 
©IQS^Jgfc: ffi £ «8i«i£<D— M*^ b fc»f ® H T? 
§ 0 @1 9lC7frT£ol£, piS iCHl 4 0±^ s 

s i cK^M^tf^mmcF-yznrcmsftm-mmm 

Ml 4 5, ^27CfRgfl:«WBl 4 4, ®2 7cSR/ll 4 
3 % Jg i TtfgjgHfc^jf 1 4 2 Bitfffl 1 7t;Jg® 1 4 1 tfjg 
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[o o 6 8 ] jg i t£*«4s mim^^^^-^n 
mtfm^Bn. mfctftfoiz* b, ai, Ga, in, t 

1, Sc, Y, Be. Mg, Ca, Sr. Ba. Ra, 
Zn, Cd, Hg^6SS!^n5o 
10 [0 0 6 9] H2 0^ 01 9^bfc£5ft^i&£: ; & 
TS*^«OiS3fi7?ffi©— W^^bfcXSBfffiHTfe 
£ 0 H2 0 (a) ^^-Tcfc^tC. pg/S i CSSl 4 0 
±^3^11 1 4 6. S2tEJRJ11 4 3&tfKtl7Gf§ 
ill 4 ltfJKfc&J&SU J»ffi3*fr-5C H 
2 0 (b) K^Tcfe'SK:. ^ 3 TtJSiSztAJf 1 45, ^ 
2^*i{t«Wl 1 4 4 Rtf* 1 7CiR«ffc** 14 2^ 

[0 0 7 0]*Weii, *3 7«I5*F— ^VhfcLT* 
t?^ig^Ji 1 4 5*rJg/K-r5Ci:£J:tk ^^Mtl 

[0071] mi ommmm) H2 1 a. *mm<r>m 

H2 1 KTjkT&olC pMS i CltSl 4 o± 

s i cicwm&o^m^tpv— ^znrcm 3 tcM& 
mmmi 52^ »i7c*^6fts®«, mzTxMfrz 

ft SIH*. » 3 TmtP & ft 1 79£«{k»*p 6 ft 

s««Rtf » 2 Ttmmmfr & ft s««^isaE bfe«« 
mi 5 1 fc^a^cjgjsEsnTv^So ^itc*. ^2tc 

[007 2] H2 2ti % H21 tc^b/ccfc-pft^^^" 
T^m®«^£0^}g^^-P^bfcXg»TciHT^ 
H2 2 (a) tC^-Tcfc^tC, piS i Clfil 4 0 

±K*i7ais. »2 75SRatf»3 7cii53va«Ebfcfia£» 

1 5 3^MU Ml^T^C^ia^ 022 

( b ) tc^-r'ct 5 e % s i c tttmtmmm.K: k-^ 

$n/c^3 7E*Bi«S» 1 5 2 tiiffll 1 5 1 tmf$L*£ 
40 [0 0 7 3] WJT^, S3^K-^>fi:LTt 

to 0 7 4]i23^ ^nicffstiiaoiiii 

Hi 3T^bfc*^^y»<0«f!li:lRl«T»So 
[0 0 7 5] H2 4(±. H2 3^LfeJ;5 4«filc*S 
50 TS«^ig^«3fi^S©— W^bfcXSBfffiHTfe 
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13 

£ 0 124 (a) K.^r&?\Cs fS2 7iMt.fS37iM^ 
pMS i CSSl 4 0±(^t>ftAU 02 4 (b) 
^^•T^^tcz^^rxffl^i 5 5*JB«"T5o ScV; 
T. i24 (c) ^^fcfc^tC, »l7t*, ^2tu^R 

HI 2 4 (d) tCaVT.fc'Sfcigfflll 5 l«:Jg^-r^c * 
£ 0 02 4 (a) %Z2yrMtfg37zM(D'f* 

m-s i c 1 4 o*jc#A^n§o*ffiii'rsciA^ 

[0 0 7 6] (Kll HdH&fiB) B 2 5 tt. *f8JB<D* 
fe£o 02 Sfc^VT*?^ pf S i CISl 40± 

s i cicmmm<D^mm*v-yztircm3ftm-m 

2ftlT*5 9, ZZK^y-fm 1 6 3^/&£tiTl> 
[0 0 7 7] *4 7C*fci\ «ft»t«xy?;l/t:-Stf 
*9 N Sf*WtCttT a, Nb ( Ti, Th, Cr, Mn, . 

mm< > & 2 mfum-^m v ^ tu icte^^bTcfc 

[0 0 7 8] H2 6^ 0 2 5 tC^b^.fc'S &«ric«r* 

§o 02 6 (a) fc*vr<fc-5fc:. »47C*i:S37t** 
piSi Clll 4 0±t£-f;*>'&AU i26 (b) 

T\ 02 6 (c) teS'T.fc'Mc* ^3 7C*Ji 1 6 6RZf 
»4 7t*Jll 6 7^MU *5K:Kl4!LS^ff^Tx 0 
2 6 (d) t£^r<fc-Me?gffil 1 6 1 *Mt5o 
tc^CD±tc^^^^ 1 6 3*5»Jl-r5Cfctc<fcO. 
tt#ffi«*©^fcEJ8bT*ftrsc fc#R*ih*n ^ 

[0079] ft*, tt±KWbft» i i i <Dmam 

t^T 5 0 0 T:— 1 0 0 0 °C. L<li7 0 0 9 0 
OX^frScttfWSb^o 

[0 0 8 0] (Si znmfcW) H2 7«4, *#§BJ3<Dlg 
1 2 0ll«»!IBfcff**»fl««OBfffiH*^bfctiO 

[00 8 1] 02 7^t«J:5^ S i C^/cI G 
BT 2 0 1 <DMMZ 0 1 a±tcA 1 -S i -CSES§»2 50 
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14 

0 2tfMSftt*^ C<DA 1 -S i -CEI»*J2 0 
2*Cfc*A 1 y-f-^2 0 StfaK^x-f >^*tlTV^S 0 A 

1 - S i — C 2 0 2tt, A 1 *K@}gffiSW±<D 
S i&tfHjSPI^±^CA^HSbTV^o Al^OS 

iXAtti. 5%, e«ft»o- 7%is^a$t^o 

[0 0 8 2] SMS i Ki#bTe«*<ffcLT/B^5nS 
Al-S i-&^«:S i C^Jtltffl^fcl^ S i 

SR**^r#tHsnsi:^5ias*^So *wir-^ s 

i C^WX±fe:««sn«IESI»«fcbT±abftJ:3 

[0 0 8 3] (*13HSfiJg«8) H2 8tt*»iO»l 

[0 0 8 4] 0 2 8 tc^fcfc S i CSS 2 1 1 ± 

a®±tCttS i Co:tfJi2 1 2RZfi/BV h^~m@2 

i 3WM^n, s i cs« 2 1 iai±^«t-^7 

^H2 14«^n, cn^tc^D S i C-S B D 
(^gyh^yrm-K) 2 1 O^MlT^ 
£o S i C-SBD2 1 0©^37h^-ll2 1 3± 
h^-^^^WmZ 1 4±*C«. A 1 *£H}g|8j?tt_t 
<D S i RtfCtfHJSbfcA 1 -S i -CBSRW2 1 5^ 
fl&SE£ftT^5o CCOA 1 - S i -C1B^M2 1 5<D5& 

A 1 -S i -C*flJl^5-Cfcfc:£tU S i tpcDKiR<D*ff 

[oo8 5] og 1 4mmmm) 02 9 

1 4<0^ffiJgggfc«5¥»teS«K:oV^ ^o±®0 
&tfKffiB*^bfcfc<D7?S£o 

[0086] 029 (a) tC^f £ 5 S i C - I G 
BT222ilSiC-SBD221 £*3S»&*>-£TIrI 
— ^^^r— ^i^tcBEBbTV^o 02 9 (b) tc^-TJ: 
d^C. SiC-IGBT222^SiC-SBD221 
0±ffi«ffi±ti:tt. A 1 - S i -CE«SW2 2 3A^rit 
Snt^So A 1 - S i -CBE^«2 2 3±tc^MS 

2 2 4 (Mol»^) ^r/rbTl|ffi2 2 5 (Cut 
«rfflU>§) ^M^ntV^o SiC-IGBT 
222^SiC-SBD221 tOSffif «C 2 2 6 

fe. A 1 -S i -CWMm2 2 3tC£*X JfeJCiS^fcO 

[0 0 8 7]**. ±E*ffllJPIBl 2-1 4T1i, Si 
C-IGBTVSiC-S BDSWcfetfTKWbfe 
Ctt5fcHS-$\ S i C^lr^c^Yy^V^JR? 

[0088] (^i smm&m) 030a, ^m<om 
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[0 0 8 9] S1\ 03 0 (a) £*rr£?K:, S i C 
SS2 5liMSi02 i2 5 2tI5o S 

i CII2 5 1 <DtH5ffl<DfrS i 02 IK 2 5 2£r&DI$& 
£ £>&C N 03 0 (b) ^^-TctatC. 11^2 5 3 
^«-r§ 0 fcJSU tW2 5 3^-^7^1Ii: 
■TS«^ S i C/l«SB©ff8fi*-5 y *8tt* 

m%rc®icm&<Dmmmtf!&mt%:z>o -7?, m3o 

Cd) <Z>Xglz:*5^T S i CS^K2 5 1 SffifcJgfig^tl 10 

Tbfc«^fftoatjntfa:5&^o la^u ti2 5 5 

<DJgJSK*ff 5fc«)tc:t±. H-3 0 Cc) (DXStCfe^TS 
i CSS2 5 1 ItgofeS i O2 ®|2 5 2*^L* 
ttnfcf&&*V\ S i O2 H2 5 2«r»**rSfe«)k:t± 
HF^^l^ffl^^^ ^OBk IIIt2 5 3» 
gt^ti§,W^§o ^-CT?. «S*J2 5 3±£«fc: 

[0 0 9 0]Iitt^)lI#2 5 4 ^Lm 

6A!SI^MTi, Zr, Hf, V, N 
b, Ta, Cr, Mo, W^£3iiR£nfc 1 OJ^±<D^ 

[0091] cmi 6$m&M) H3 1 fciu *mm<owz 

S5o 1 ^-rj:3k:. S i C1I3 0 l±tcS i 
i-x-y Cx Gey I3 0 2t4 1 t7 7*1 3 0 3 XPBifclC 
M^ntV^ 0 x ^ 0 ^ x < 0 . 5. y«0£y£ 
0. 3W9, G eZlgte: 1 0 21 cnr z SLtt^X^ 30 

[0 0 9 2] **y:/Jl3 0 3tCtt. 41^ 
tf&£\ SftWtCttN i , Pd, Pt, Cu, Ag, A 
u, Zn, Al, Ga, In, C. Si, Ge, Sn, 
Pb. Ti, Zr, Hf, V, Nb, Ta, Cr. M 

[0 0 9 3] Si i-x-y Cx Gey (iS i C tttMLT 
s*>\ : *rW7tfW<^rcib* S i CSI3 0 1 i:ilf 

Ifi^t^^'^ISOS^WcS il-x-y Cx 40 

Gey 13 0 Z&ft&^&Z-tK&K). ^M/^mW 

fita*ffi«-r*c:i:*^fr§o Sfcs S ii-x-y CxG 
ey S3 0 2#S i CIS3 0 1 tmvmW.mfc F-tf 

[0094] H3 2t±. ^M&micm%>nmmm<D{&* 

%>(Ol*. Sii-x-y Cx Gey 13 02 <D — afrtfi S i C 50 



mm 2 0 0 0 - 1 0 1 0 9 9 
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<fcoTfri*0B©cfc*3fc:S i i-x-y Cx Gey I3 0 2O 
(MtfSSCfctffcStf, U3 i<DMfcra«<DS»**# 

[0 0 9 5] 03 3B, *Hfi£JK«SfrC«S«ffi«ificDflfi 
5<D«\ S i 1-x-y Cx Gey S3 0 2±f*#S i CI 

i3oi tcafenri/^s^fiSo maofiFiaTS-ffitCct 

t?TW\ ^ijO^dtC^OS it-x-y Cx Gey 13 0 2 
©tMtfgSC H3lOMi:W«^M* 

[0 0 9 6] C»17*JS*I8) H3 4I4, *3SIJB<D* 
i i-x-y Cx Gey S3 0 2±tCG e§3 0 4^®4&C 

M^nto^^§o s i cs®30 1 

±tcs i C ^tJ&^VK^^^^S i 1-x-y Cx 
Gey J13 0 2#Jg/S£*U £eac^£D±tCS i i-x-y 
Cx Gey «fcH/^K*ty7tf*Kei3 0 4tf 

[0 0 9 7] (Sgl 8HaiJgffi) 03 5fc*. mi 

swearer Lfcj; 5 ft«di*frr s«as«jfioaBfi*tt 

<D— 0J*SLfcXg»TffiH'T?fe5o 
[009 8] i35 (a) tC^f £"5fc:> S i Cli3 
0 l±tCS i i-x-y Cx Gey 13 2 1 *«l»Lfca, 
^fflii^T^C^tCct-pTs i35 (b) IC^^o 
tC. S i CStS3 01^Sii-x-» Cx Gey 1322 

3 5 (c) tc^-TcJ:3^ s S i i-x-y Cx Gey 132 
2_t^t7^l3 2 3£:±§;fl£-£3o 
[0 0 9 9] H3 6fcJ\ fSl 6<Dnm&MT*^lsr£&o 

[0100] i36 (a) lC35Vr<fc5fc: N S i CSi3 
01±tCS ii-x-y Cx Gey 13 2 1^*^^13' 

2 3*»Kfc*i«Lfc«, IfefiiaSffd ClfctCfc^TH 

3 6 (b) ^-Tcfc-jaflusfcrso 

[0101] H3 7lt Si 6<D*ffi®!fi , ^Sbfc<fc'5 
^^^*T^S^«3g0^77ffi^ffi^J^bfcX 

[0 10 2] 137. (a) tCTxTZylC. S i Clffi3 
OlfCGe &1iummfr 5 0 k e V, F— X* 3 x 1 0 1 6 
cm- 2 1?^*>itAU 7W77X»Ge^t> 
&AH^3 3 l^Mt^o ^y&AiaetiMiS—s 
0 0W1SU\ G e^t>ftXS«3 3 1 4HC&G 
e#l x 1 0 21 cm'»6(±OifiTS«?h«a 
03 7 (b) *t77 P i3 3 2^«SL 
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rem. mmm%ftvo mmmt^^yfmmmmm^ 

I^oTfegt\ BMM*ftvZ-£^£r>T, 03 7 
C c ) icmirk ote, G e ^*>&AM 3 3 1 S i 

I-x-y Cx G eyl3 3 3 £&£o 
[0 1 0 3] ^ B B 0 «m^-f^>aA»^^SbTS 

ISffifbfSfc, 3CJg*«JfiK:ftD»^c:fc3y»i6tiT 

l/^o 3CeS*iitt4H- 5 f>6HOjBa«5fi^Jl:^T^ 
>K4^y:/^^£DT\ S il-x-y Cx Gey S^3 

ABf£>^7~ ^K— X*S:IBfi"r 5 d tK Gel 

[0 10 4] (Sll 9$fll^ffi) B3 8tt, Jgl 7<D* 

(D—m^ b fcXSBrffiH 3 o 
[0105] 038 (a) ICtfT&oIC S i CSS 3 
OltGe ^iP?i«EE 5 0 k e V, F-Xfi 3 x 1 0 1 6 

0 0°C^StU\ G e-Y*yaXffl«3 3 l^fclfctG 
etfl X 1 0 21 cm-UX±<?)it^^n§o 
03 8 Cb) tC^rT^-MC Geill3 3 4, 
•fM3 3 5 Lfc«* SftfflS^frSo 

V\> MI^T^C^tc^ot, 03 8 (c) tc^r<fc 

Ge^t>iiAi3 3 liiS ii^x-y Cx Gey 
13 3 6 £&%o 
[0 10 6] *ffl*Vt>, *»K«0IBO-<*>a7Ji*J» 

[0 10 7] C*2 0*SK««) 13 9^ 

[0 1 0 8] 03 9 (a) tC^-T^^ti:. S i CSf 3 

0 lttlG eMFw^b^tf^t^At^ciltc 

j;D. 7t;V7rx«l©^tyaA!IM3 4 l 
T£o G e £ h-f WtftALT^J: 

OOttfiSU^o ^^->iiA^3 4 1 4HC&G e^r 

1 x 1 0 Z1 cm- 3 tt±OilSTft|J^5o 
TiMKl&s ^t>iiA!ia3 4 1 **S i CSS3 0 1 £ 
HC#«Si:&£fe<0*JB^3o SiClfi30 1tfn 

P, As, Sb, Bi, V, Nb, Tafr5SS?*ftS 
fe£>i:U Si CII3 0 l.tfpS^&tlfcf. K— 
H£3^SW±2*7tffl. SftWKIttB, Al, Ga, 
In, Tl, Zn, Cd, Hg, Sc, Y, Be, M 
g, Ca, Sr. Ba, R a*^&3&*ns fctDfc-T 



(10) ^12 0 0 0-10 109 9 

75 

[0 10 9] ^^>iiAl«3 4 1 ^ 7^7 7Xft 
?&C ««3 4 1 ^F-^>MS^S i 

%>o t(om^ ^ois^Msnss n-x- y Cx g 
ey 134 3^(DY-^>Tmm.*mmm^±i£*£%> 

[0 110] S&fflS^fr^fc^ 03 9 (c) ICtt;T& 

C ^^>iiAI.3 4 IBS ii-x-y Cx Ge 

y. S3 4 3 £&3o **v7m3 4 2 £LTtt&«. & 

[0 111] (S!2 l^SK^ffi) H4 0tt, *SSB<D» 

fcXS®T®0T&3o 
[0 1 12] i4 0 (a) tC^-r<t-5^, S i CSS 3 
20 0 HCG eRtfK- ^>F^fl^:*>£AT£cr £^ 
7^77XM^^tyaAIi|3 4 l.^M 

3 4 1(t T^l/^rXftTSC^tCfcO. «S«3 4 1 

t£tl%S i 1-x-y Cx Gey 13 4 6*OF- tf>^TI 

50 [Oil 3] iffil^T^T, 04 0 (b) £aVr<fc5 
fclS i 1-x-y Cx Gey 13 4 6*JgfiKb/cS. 04 0 
(c) tcS*Tcfc5Ks Gel3 4 4 i:*t7?I345 

(iTOt?TfcSl/\ **y?m3 4 2 fcLTte&M. 
&«H*t&»&i!, ^c^bfck^lll^&^ffl^ 
ftfcf£V\, G e«3 4 4 t± S i Clfi3 0 1 tm 

ummmic b—^>^nr^^c£t^m^^\ 
[0114] as 2 2mmmm) 04 1 1±. *«W(dsb 
2 2©it*jBiiBfc«s«a^oas!^ffioHW**b 
*o fcxsufsia-efeSo 

[0 1 15] 04 1 (a) fc^Tkote, S i CSS 3 
0 l±tGe £ bTtmvm&tilim 3 5 2*Jgj£ 

Vfcik, 04 1 (b) ^-r«fc-5tc. GefcK^Vh 
^^t>aALt, 7^7 7X«iW^>aA 
««3 5 l*JB«f«o ^*>£A<ftff^F-^Vh7C 

±abfc»2o^nsfi»«Ro»^fcraai^* 

3o ^*V£ASiigc3 5 Hi. 7W7 7^tncfc 
te£D, ««3 5 ltOF-^HfitfS i C^K* 

50 JH. ^OXp-e}gjS!c*nS S i i-x-y Cx Gey 135 
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[0116] a&ayi&tT^T. H4 1 (c) tc^r<t5 

£Sii-x-y Cx Gey l3 5 4^ML/-dls 
»OJffi#«fflT»^TfefiV\, 3 5 3£bT 

[0117] («2 3nss^ffi) 04 2«. ^mM<om 

[0118] 042 (a) tc^f <fc"5tc, S i Clfi3 
0 1±K#V S1I361 «*I»Lfc». 0 4 2 (b) 

««3 6 2tt. S i C»«3 0 1 kHC»«StcK— feT" 

~8 0 01CtfS3:bV\» ^>iiA^3 6 2^C^G 
e*l x l 0 21 cm- 3 tt±0»fire#W£-£So 
[0 1 1 9] 04 2 (c) \c^;?&5l£^ Jftjffla*ffo 20 

T^>£AfI$c3 6 2^S i i-x-y Cx Gey 136 

4tu ^etc^^±tcs®3 6 3%mmcmmr%o 

V\> ll3 6 3tim ^Rflf M 

fcmcte, Ni. Pd, Pt, Cu, Ag, Au, Z 
n, Al, Ga, In, C, Si, Ge, Sn, Pb, 
Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, WKD 

n& i ^JcuKD7as**tyfe03&^a* b 

[0 12 0] (fg2 4HS£^ft§) I4 3(t *»W<D» 30 

[0121] 143 (a) ICtfT&jIC^ S i CSK3 
0 1 ±*cjKD Sil371 G e&tf K— 

/^vh7E«*-Y*>aA-rsci:K:j;0. 143 (b) 
fc^-Tcfc-Sfc. 7W7 7XMWt>aAia3 7 

2*jgj«r*o -r^-vaEAJiftttSS— 8 ooic^as 

Ll/\ ^t>SAi^3 7 1 fptC&G e* 1 x l 0 21 c 

[0122] 143 (c) £5^s »&fiS*fxo 

T^*vaAS«3 7 2£:S i i-x-y Cx G ey 13 7 
4fcU ^^>tc^(7)±tcm®3 7 3^:il«tCti«-r^o 

i/\ Mm 3 7 3ic&9cic^rc^(D£mm<D&mm%:m 

^ZCtiit'VZ&o Sii-x-y Cx Gey 13 7 4M 
[0 12 3] (S2 5HSSmi) 04 4*4. 50 



2000-101099 

20 

[0 1 2 4] 04 4 (a) S i C1S3 

0 1 _ttc S i hQ e<DU^M3 8 1 h*W?m3 8 
2*»R£i#iHbfegL »ffl3*fr5Cfcfc:j;!K 0 4 
4 (b) tc^Tcfcdtc. S i CS=K3 Ol^S iMG 
e(Dm^}S3 8 1 tfgjSLTS i 1-x-y Cx Gey I 
3 8 3tfMm ^7^13 8 2 £bTC4, 5fetC 

[0 12 5] (*2 6H«S^tt) 04 5tt. 

[0 1 2 6] 04 5 (a) fc^TJ:?^ S i CSI3 
0 1 ±lc S i £ G e (DU^M 3 9 1 £r/gtfrci£*gb?c 

(b) tst <t5^'y^l3 9 3*««bft«, ffit 

%m*fjoo mmfc&K>. s i csi3 o i t k— 

>h7C*tf-Y^>aA^nftS itGe©g^tll9 2 
#K/5U Sii-x-y Cx Gey !3 9 4^M^tl 

£ 0 s i i-x-y Cx Gey m 3 9 4 ^ismsK^pm^ 

[0 12 7] tUbSKEbfc^i 6~3g2 6<D^lS£ 

fcV^T 5 0 0 1 0 0 0 °C. b < fc* 7 0 0 ( C~ 9 

[0128] (M2 immmm) 04 *mm&m 

ca«fcttiS?^»«M*D*— FU v^KWTcfc^fc:, 
FU v^fc«ffii:^PJ7?+5>*cffifitiT;a^— ^ v & 
a«*^frScfc-5tc:bfefe©T?»§o 
[0 1 2 9] 0 4 6tc;to^*T\ 4 0HiSiCSE 4 
0 2&S i Cifc^^-WbJSES*, 4 0 3«4*T— KU 
V^fc&S F-tf >?m» 4 0 4 4 0 5tt 

SffifflS* PFWfttfK-^y^tlfcS i 1-x-y Cx 

Geyl), 4 0 6ligIlfiT-SS e 
[0 13 0] n^S i C»^4 0 1 7^b K-^ 
n^S i CXlf 4 0 2 (Jp«* 1 0 y. 

m) Jgj£ b /cS^*P{f b /Co S i Cti^«>5 4H 

(ooi) fficov^t>«>s s i ffi-e*5o 

[0 13 1] ±f2S«tC*fbT. *J«ffla*ff^fc», 

«ffiCVDK:*t)S6k:->U3>*ftM**J«U- 

^mOitffcMhbfco 3B!i/>T. CKDffifkJK*^^* 

/co c(Dmitm^m^tircmmcMi,r, iooo°c 
t^awty^i 0 19 cm- 3 ^>iiA^ o Mi/^ 

T, 1 5 0 O'CT?/ 7 — — ;l/Jgrfrt/\ K— ^bfcsRnv* 
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4 0 4 i:lTNi^l/imlfU S 6fC 9 5 0 "C^T 
—-71/ L Tgffitc 43 V >Tli t =Lvt tt*5i« L 

[0 13 2] Ml^pI<7)F- If >^B4 0 3 

G'eW^SAU i46 (b) 

((EI 4 6 (a) £Dffi±Hl) tC^-TcfcatC. *ffi#UUI4 
0 5 ($DVtfK-lfy^nftSii-x-y Cx Gey 
JS) b/co SffifiLSJB 4 0 5tinttGetflxl 

0 21 cm- 3 i^±02SS^^^nTV^ 0 *<D» % 
T<Z>BKfcJK*Rft£U iffill4 0 6 i:LTT i * 1 fi 
mil lT^^-->^fT-p/c 0 ££>k:. 4 0 0°CT 

[0 1 3 3] COcfc^tcbTf^fiSLfcKftT?^ S i C 

xi£^^>'tMii4o 2 tmmnm 4 0 6 £&->3 

^Jl£SffiWffi4 0 6 tlt&S59BmM4 0 5£>fftBfc:J; 
^ittfifiii2xi 0- 4 Qcm z -efeo/cc Ctlte\ G 

4 0 0T@Jg£OfSSZ--;b^fe^^^-"^^^14^ 

[0 13 4] 4*5. 5Kn>0-Y*>aAHutc. SSOl 
m^M^WS^fkbT 5 0 n mSfi[tD»V^KfbK*^dt 

■rs. *v^*a««ffiK:Ge*ii»bT»^**jgdi 

K»fcf&SLfc 0 Sftkatftt* 1 x l 0" 4 Q c 

[0 13 5] S i CM 4 0 1 £bTp§ycDS i 

C ^rffl V\ F U y^CnSK-lf> ^»*ffll/^cfi£ 
SfefMcLfc, Sffi«yUB4 0 Sfc&G e^H3:S i * 

f±10- 5 Qcm z ^OfS^&tU 

[0136] cjg2 8Hffi^ifi) i4 i&m<on 

[0137] nSSiCSfi5 0 0±K:nlSiCxlf 

^>t;H5 0 iiWgjSE£tu s i cxt^^-wi/ 
150 l±^^I^(ipIS i CSS 0 2jW&3c 
SntfeDx pSS i CJ15 0 2tu»StlfeS i Cx.tf 
^>t;H5 0 l±lCfc*$/3 *y F4^— 0 3jWB 

^nn^o pis ici5 0 2^^3yh+-«fi 

5 0 3CO^DiW:5j?y->yn>5 0 SfcnS! 
S i ClS5 0 0iffi±tC(^57^tl5 0 5W 

[0 13 8] S i CxW^>t;H5 0 1 ifitcttBf^ 
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o»fi07k**^$nTv^So s i cizrtr't'fzmtiL 

<fc r> TIE b^ffim<Dtt%%&^{SL*1§mT% C 

is a *y h*-^^UZ^>f*-K©««WWttflD|ql±*tt 
[0 13 9] £/c, p^S i C«5 0 2fcfc*J(S*^$ 

[0 14 0] 7jcjR**&$n;fc S i Cfcfc. SPcKw^ 

ot{«t§C^^t§o ixi0 ,8 c 
m- 3 OTT^§L^«K, Sfc 1 x l 0 14 cm' 3 

[0141] Gg2 9HSEJKJIB) H4 8tt. 
20 2 9<DHSSJB^C«S->3^ h^-^iJ7m-HO 

[0 14 2] niS i C1I5 1 OiJCn^S i Cxlf 
^^>t;H5 l l^Jgdc^n. S i cxe^^>t;l/ 
*5 1 l±tDm^<0®«lCf±^U3>KftlH5 1 2#J£ 
/SStiT^So ^UnvftftJHS 1 2^J5E^ti7cS i 
C^fcf^S^/WSS 1 1 0±BPti->3^ «8i5 
1 3-?»b*U $/cnSS i CSi5 1 0S®±^&:t 

[0 14 3] niS i CSS5 1 0MS i Cxtf^ 
30 5/t;H5 l l ^tct±3f^o«jSEOS*A^$nTv^ 
3 D S i C(iS?L^tc^@-r§^B B H ^RI^<. KX« 
^W2f C £ o T^KI^Mffl^-^^ C 

y Tzis&tf^ y r#i&fitf±#u s/3 

[0 14 4] SJRtf'S'SftfcS i SffifcF— ^> 

■rsa\ av^tsa^s^jcKBRsa^s-ssc tic & 
-DTftMTzcttfT^&o mmm&i*. ixio ,8 c 

40 m- 3 Wm§Lt«l<^ ^/cl x 1 0 14 cm" 3 

[0 14 5] ±IH^2 8M2 9^ffiflW 

5/3 h^-/^y Z^V^— F*«ltcKa8bfcA^ S i 

[0 14 6] Sfc. ±IS«-*»«»7?^bfcS i CK 
tt, 2H, 4H, 6H, 3Cl^TOg 0 B B iM!)OS 
i C*«&Tfc*S£o 

[0147] eu:, ^m^mmmic'D^rmmi.rc 

50 t\ *SWfi<ift6<0l|jfi}gffitclBSffnst>©Tfr±* 
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[0 14 8] 

BEBBO»*] *«WK:<fcn«f. S i C^ffl^/c¥»* 
Tffigft{t*tt^3C 3<> Sfc. S i ClcMM 

LfcHo 
^Lfc0 o 

[Hi 3 ] *»W<D* 2 O*ffl0BMJc«««J«(O— 
LfcHo 

CH 4 ] 3 (0*Sf9e!Bfe:«*«J«O— 00** 
LfcHo 

CH 5 ] 3 O^fflJKffitcfigSHifiXSO— 20 

cei6] *mn<Dm3<DmM&micm%mmj:m(Di&(D 

W£^Lfc0 o 

[0 7] *^wo»3O^«!Btc«s«janjB<0flSo 

[0 8 ] #5Si|J3<OSi 4 (D*BE0K«S^«SHifiXSC[)— W 
*^LfcHo 

Lfc0 o 

ch i o ] 5 <o§!ffije!Bfc«5fflifcpi£>— 

rail] *m$<Dm6(DmM&mt£ffi%m&(D--m%: 

^hL/c0 o 

CHI 23 *»HaoS6tD^JfiJBffitc«SSitXSO— 

[hi 33 *mM(om6(DmM&Mfci%%Mj&(Di&(Dm 

[Hi 4] *§BIW^7<D^jfiJBffi^«5«filc<D--fftJ«: 
^Lfc0 o 

[ii 5] 7 (Dmm&mc&zm&jimv— 40 

M*^bfeHo 

[Hi 6] *»W<0S8O^SfiJB«|t*:«S*^cD— fiRI* 
^L/cHo 

[Hi 7 ] *^^*8 0^SE9Bffitc:«5S!ifiXS©— 
^lJ^L/cH 0 

[hi 8] ^mmms^mm^miTim^m^m^m 

[Hi 9] *5^0IB9©iaBgJBK:«5««0--«l* 
CH 2 0 3 *SSW(D* 9 ©lt*}gl8fc:«*HJaxSO- 50 
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0O*^LfcHo 
[02 2] *^(0»i 0^^66JgffiUH5g§iaigXS<D 

ffil«r^LfeHo 
[02 4] *f»B<6Sl 0©H«»JBJc:«S»iaxao 

fl&<DflW*^bfeHo 

ch 2 53 ^fg^oig 1 1 <DmmmK.&&mtit<D—m 

[0 2 6 3 #58930311 1 <D^ffiJg8ifc«5HigXg<D 
— WI^L/cHo 
[0 2 73 #fgfE<0Sfl 1 2 <D|gffi®itgtc«3«j£(D— #J 

[H2 83 *f%m<omi scDfm&mzffizmd&o—M 
[02 93 -^mm<omi loinM&mfcm&Mf&v—m 

[0 3 03 1 5 <0^fi6Jgffifc«£ffii6X©D 

—W^b/c0o 

[H3 13 ^$£w<Dmi 6<D$mBt&fo&z>Mi&<o—m 

[0 3 23 6tDHffi^it^§i«(?)ffiO 
Wl^bfcHo 

[0 3 33 6©HSfiJBffitc:«saflc(0flSO 
#J*5SLfcHo 

[0 3 43 *ISlB<DSl 7©^ffi®!Bfc:«S«jffi<£>— 0J 

[0 3 53 #fPJ!0|gl 8©^fifi?g«8K:«SSS!JiXSO 

— Wj^b/C0o 

[0 3 6] *?m<omi 8<D*ssjg»iK«ssaaixso 

[0 3 7] *SWOSl 8©Hffl?gJBtc«SSigXS(0 
ffiWJ^L/c0o 
[0 3 8] 9©HSfiJgJS^«§iaifiXSO 

[0 3 9] *»WOS2 0Oll]Sfi«tBti:«saa3&XSO 
— 0!l*?SL7cHo 
[0 4 0] #SgqjJ<DS2 1 <D|lffi^jgfc«£ffiifiXffl<D 

[041] -fcmmmz 2onfiEJB«6tc«s»BSxso 

— W&jRLfcHo 

[0 4 2] #580J!<0^2 3^ffi®fg£«SSBfiXg(D 
— WJ^bfeHo 

[0 4 3] *»W©«2 4(D*fiBJBJB*C«S«JiXSO 
— 0!l*SbfeHo 

[0 4 4] *»ffl(0S2 5(0*fiSJBJBfc«S8BfiXSO 
— M^b/cHo 

[0 4 5] *fgf3SOSg2 6 0*SB?BJBK{R««JBXS(D 
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[§4 6] *«WOS2 7©HSSJB»fc:«S*J«<D— W 
[14 7] *«BBO»2 8JUBJB«8k:«S««0-«!l* 
[i48] *«BBOS2 8*SS}B«tK:«S«J«OfftOfi» 

10 1, 1 3 0. 1 4 0-Si CSS 

102-Sii Ci-x JB /O 

10 3, 11 

104, 12 1. 13 1. \ 4 l-'-miTzMm 

105, 122, 132. 1 4 Z-'W f \7xMM\Mm 
1 0 S i m 

i 0 7-F^h*y s i m 

10 8, 111, 1 5 5. 1 6 
1 0 S i cm 

i i o-K-^h*y s i ji 

1 1 3-Kifc«Wl 

1 2 0-#U S i ' 20 

1 2 3, 1 4 3--m27vMS 

1 2 4, 1 3 4. 1 4 4--W,2 7mm\$%m 

1 2 5---MI1 7C#g. ^2 7t:^, ^Iftmmit^ M2tz 

12 6. 13.6-Sl rcSt. M 2 7nfg£>rlfcjl 
1 2 7. 1 3 7. 1 5 4. 1 6 3-*ty/i 

i 3 3-m2f€mmimm 

1 3 5-»1t6*. S2%tlftft, »l7c3RKft;«K 

1 4 5. 1 5 2. 1 6 2 --•mSfcMM^&JW 30 
1 4 6. 1 6 6- -fg3 7Ufg/i 

l 5 l-»l7nKS. ^2tc^. S3t£*. mirtm^it 

m2 7zmmm<Dm£m 

1 5 3-Sl IteJS. m27tm, «3 7fe*Ofiffi« 

1 6 1-SS3t9R. «4t£*. *4 7C*Kffc». !£4^ 

1 6 7-^4 7C*Jl 

2 0 1, 2 2 2-S iC-IGBT 
202. 2 15. 22 3-EJ9W 

[HI] 
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2 0 3-A 1 -V 

2 1 0-S i C-SBD 

2 11. 2 5 1 - S i Clfi 

2 12-Si Cxe^>t;H 

2 1 3->3 7 h*—«8S 

2 1 4-t-^7^ti 

221-S iC-SBD 

2 2 4-&«JB 

2 2 5. 2 2 6— «ffi 

2 5 2-S i Oz fii 

253. 25 4— «as*r 

2 5 5-WS 
301-Si CSS 

3 0 2. 3 2 2. 3 3 3. 3 3 6. 3 4 3, 3 4 6. 3 
5 4. 3 6 4. 3 7 4. 3 8 3 . 3 9 4 --- S i i -x-y C 
x Gey 1 

3 0 3. 3 2 3. 3 3 2. 3 3 5. 3 4 2. 3 4 5. 3 

5 3-4ty/I 

30 4. 334. 34 4 — G eJS 

321-s i w-y Cx g e y mmm 

3 3 1. 3 4 1. 3 5 1. 3 6 2. 3 7 2. 3 9 2->f 
3 5 2. 3 8 1 . 3 9 1 •"m&faM 

3 6 1. 371 -spy s ivrnm 

3 6 3. 3 7 

3 8 2-^t7^i, 3 9 3 
401-Si CSS 

4 0 2 - S i C^\*&*t/*)\/l8Mm 
4 0 3- K— \Z Z/ifM 

4 0 

4 o 5-~mm$3mm cs i i-x- y Cx g ey g) 

4 0 6-gIlI 

5 0 0. 5 1 i CSS 

5 0 1. 5 1 1-niS iCxW*^;Vi 

5 0 2-pSS i CJB 

5 0 3. 5 1 3—>3 7h*-lff 

5 0 4— 5RU 

5 0 5. 5 1 4-^-5 7^11 
5 1 2— >U ra^RftJK 
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-104 
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[0 7] 
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(a) 



\ \ 1 t \ I I 
poty-SiJg 



SiC 



" ^Lior 



(a) 
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poly-SiCJg 



SiC 



1—10 9 

^101 



Cb) 



doped-poly-Sig ^ 

SiC \ 
108 
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101 







_104 


doped-pofy-SiS 
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(b) 



(c) 



doped-poly-SiCJg 



SiC 



doped-poty-SiCJg 



SiC 



.110 
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.112 
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%1j^jg^fc&lT 
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.105 



102 ^ 
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^121 
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101 



(a) 



SiC 



7- 
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SiC 



SiC 



.121 
,123 



101 
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(b) 


s^i5Eai@ 


—122 
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[116] 
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nSS-SiC 



• 135 



130 



(a) 
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-126 









SiC 



^-101 
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SiC 



125 



? 



Cll 3] 



[114] 



S5l5ca£BMb1*i:£l25E*a4fc1fc<0 



SiC 



127 
125 



1- 



101 







_-131 






— 132 






—133 
_134 







130 



[117] 



[1 1 8] 



(a) 



(b) 



nS-SiC 



136 



130 



mi 5E*fiHb8i i: SS25cSg*£7t#3<D 



nS-SIC 



135 



? 



«1 7c3i i: *525^£<bte £ 



137 
- 135 



nS-SiC 



7- 



130 
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im 1 5] 



im \ 9] 



(a) 



(b) 



(a) 



(b) 



ngi-SiC 

mm 



§£1 5c3t5i%f t$tsM~ 



nSS-SiC 



[02 0] 



swan 
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.131 
.133 



7- 



130 



134 



—132 



.141 
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.146 



140 
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142 
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— 142 






— 143 
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-151 



~p-140 



152 
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^140 



[0 2 2] 



[0 2 3] 



(a) 



(b) 







-153 


^ pS-SIC 


A-140 

} 
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- 151 


/ 


i 
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pS-SIC 
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-151 
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140 



152 
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~302 


/ SiC / 



^-301 
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m2 4] 



[12 6] 



(a) I 



(b) 



p§3-SiC 



7- 



J I t I J 1 I 

p33-SiC 



155 



140 







^153 









1 i I I I I I 



(a) ^ 


pSE-SiC 

1 


165 

\ 


4- 


<b)| 






I 




1 






(c) 




— 167 




166 


) 




; 



pM-SiC 



140 



pS-SJC 



152 



.154- 



n 



p^-SiC 



_163 
_161 



162 



[0 2 7] 



H2 8] 




203 + 
|— 202 AI-SI-C 



215AI-SI-C 

V//////J//A _ 



V3 ^ 



213 

-212 



-211 
-214 



215AI-Si-C£&tt 



210SiC-SBD 



CH3 2] 



[^3 3] 







~303 

— 302 









SiC 



^-301 







— 303 






— 302 j 



SiC 



-301 
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[02 9] 



r M3 0] 



(a) 



(b) 




(a) 



(b) 



(c) 



.252 
251 



252 

-253 
-254 



-251 

253 
254 




226 



221 



[0 3 4] 



[03 5] 







— 303 






— 304 








SIC 





-301 



(a) 



SiC 



MS 



,321 



.301 



(a) 



(b) 



6 



[0 4 4] 



if 



362 
381 



SiC 



— 301 



383 



SiC 



(b) 



(c) 



.322 



SiC 



.323 



SiC 
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(a) 



(b) 



(a) 



(b) 



(c) 



[0 3 6] 




(a) 



,301 




mm 



Sii-x-yCxGeyS 



,322 



SiC 




(a) 



SIC 



— 341 




(b) 



(c) 



331 



301 



(a) 


















SiC 


















Si-Ur.yCxGeJB' 






Sic 







-332 
331 



(b) 







-^335 




—^334 








— -331 




SiC 





— 333 




Sh-x-yCxGe^H 



SiC 



-•336 



[H4 2] 

limn 



(a) 



pofy-Si*ttSJf 



SiC 



— 351 
-301 




346 



(b) 



345 



SiC 



362 



r 






~-344 


| Sii-x-yCxGSyS 






SiC 



(c) 



SfC 



— 363 



-364 
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(a) 



(b) 



(c) 



[04 1] 

n n n \ 




-352-£-&ttrS 



-301 



SiC 



352 
•351 




(a) 



(c) 



[0 4 3] 
I I I I 



pofy-Stf£KH 



-371 



SiC 



-301 



— 372 



SIC 



Sii-x-yCxGe^ 



373 
374 



SiC 
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